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THESIS ABSTRACT 
 
NAME: Jaffar Awni HajIbrahim 
TITLE: Load and Energy Analysis of a Commercial Building 
MAJOR: Mechanical Engineering 
DATE: July 2012 
 
Concept of Energy conservation has become very important due to the limitation of 
resources and the increasing cost of energy production. This cost increase leads to the 
need for more proper usage of construction material and HVAC (Heating Ventilation and 
Air Conditioning) system selection to reduce cost for both heating and cooling 
requirements. Several heating load calculation programs have been developed last years. 
Applications and methods were implemented to come out with more accurate results for 
cooling load design requirements. Proper approaches will lead to proper sizing of the 
system. Usually each load calculation program uses different approach for presenting 
inputs and outputs of load and energy calculations. Therefore, the main objective of this 
study is to determine the cooling load requirement for a commercial building (Al-Rashid 
Mall in Al-Khobar city, Saudi Arabia) by carrying out energy analysis using load 
calculation programs and comparing results with actual measurements and proposing 
alternative solutions to reduce energy consumption after performing parametric study. 
The difference between simulation calculation and Actual measurements were about 7-
10%, which is in the accepted range.  
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 ﺧﻼﺻﺔ
 
 
 ﺟﻌﻔﺮ ﻋﻮﻧﻲ ﺍﻟﺤﺎﺝ ﺇﺑﺮﺍﻫﻴﻢ :ﺍﻹﺳﻢ
 ﺠﺎﺭﻱﺗﺤﻠﻴﻞ ﺍﻷﺣﻤﺎﻝ ﻭﺍﻟﻄﺎﻗﺔ ﻟﻤﺒﻨﻰ ﺗ: ﺔﻋﻨﻮﺍﻥ ﺍﻟﺮﺳﺎﻟ
 ﻗﺴﻢ ﺍﻟﻬﻨﺪﺳﺔ ﺍﻟﻤﻴﻜﺎﻧﻴﻜﻴﺔ: ﺍﻟﺘﺨﺼﺺ
 ﻫـ۳٤۱۳ﺭﻣﻀﺎﻥ : ﺗﺎﺭﻳﺦ ﺍﻟﺘﺨﺮﺝ
 
ﺍﻟﻄﺎﻗﺔ ﻭﺍﺳﺘﻬﻼﻙ ﻟﻘﺪ ﺗﻢ ﺗﺼﻤﻴﻢ ﺍﻟﻌﺪﻳﺪ ﻣﻦ ﺍﻟﺒﺮﺍﻣﺞ ﺍﻟﻤﺘﺨﺼﺼﺔ ﺑﺤﺴﺎﺑﺎﺕ ﺍﻟﺘﻜﻴﻴﻒ 
ﻷﺣﻤﺎﻝ ﺑﻬﺪﻑ ﺍﻟﻮﺻﻮﻝ ﺇﻟﻰ ﻋﻠﻰ ﻣﺮ ﺍﻟﺴﻨﻴﻦ، ﻛﻤﺎ ﺗﻢ ﺗﻄﻮﻳﺮ ﺍﻟﻌﺪﻳﺪ ﻣﻦ ﻁﺮﻕ ﺣﺴﺎﺑﺎﺕ ﺍ
ﺇﻥ ﺍﻟﺰﻳﺎﺩﺓ ﺍﻟﻤﻀﻄﺮﺩﺓ ﻓﻲ ﺃﻋﺪﺍﺩ ﺍﻟﺴﻜﺎﻥ .  ﺣﺴﺎﺑﺎﺕ ﺩﻗﻴﻘﺔ ﻗﺪﺭ ﺍﻹﻣﻜﺎﻥ ﺑﺎﻟﻤﻘﺎﺭﻧﺔ ﻣﻊ ﺍﻟﻮﺍﻗﻊ
ﻭﻧﻈﺮﺍ . ﻭﺍﻟﺘﻮﺳﻊ ﺍﻟﻌﻤﺮﺍﻧﻲ ﻳﺆﺩﻱ ﺇﻟﻰ ﺯﻳﺎﺩﺓ ﺍﻟﻄﻠﺐ ﺑﺸﻜﻞ ﻛﺒﻴﺮ ﻋﻠﻰ ﺍﻟﻄﺎﻗﺔ ﺍﻟﻜﻬﺮﺑﺎﺋﻴﺔ
ﺩ ﺍﻟﻤﺴﺘﺨﺪﻡ ﺮﺑﺎﺋﻴﺔ ﻣﻦ ﺣﻴﺚ ﺗﻜﻠﻔﺔ ﻣﺤﻄﺎﺕ ﺍﻟﺘﻮﻟﻴﺪ ﺃﻭ ﺍﻟﻮﻗﻮﻬﺗﻜﻠﻔﺔ ﺇﻧﺘﺎﺝ ﺍﻟﻄﺎﻗﺔ ﺍﻟﻜ ﻻﺭﺗﻔﺎﻉ
ﻟﻠﻤﺤﺎﻓﻈﺔ ﻋﻠﻰ ﺍﻟﺜﺮﻭﺍﺕ ﺍﻟﻘﻮﻣﻴﺔ  ﺍﻻﺳﺘﻬﻼﻙﺑﺸﻜﻞ ﺟﺪﻱ ﺑﺘﺮﺷﻴﺪ  ﺍﻟﺘﻔﻜﻴﺮﻓﺈﻧﻪ ﻻ ﺑﺪ ﻣﻦ 
ﻛﻠﻬﺎ ﻭﻣﺎ ﻳﺆﺩﻱ ﺇﻟﻴﻪ ﻣﻦ ﺗﻐﻴﺮ ﺍﻟﻤﻨﺎﺥ ﺍﻟﺤﺮﺍﺭﻱ  ﺍﻻﻧﺤﺒﺎﺱﻭﻛﻤﺎ ﻫﻮ ﻣﻌﻠﻮﻡ ﻓﺈﻥ  .ﻭﺍﻟﺒﻴﺌﻴﺔ
ﺩﺭﺟﺎﺕ ﺍﻟﺤﺮﺍﺭﺓ ﺍﻟﻤﺘﻮﺳﻄﺔ ﺍﺭﺗﻔﺎﻉ ﺳﻠﺒﺎ ﻋﻠﻰ ﺣﺎﻟﺔ ﺍﻟﻄﻘﺲ ﻛﻤﺎ ﻫﻮ ﻣﻼﺣﻆ ﻣﻦ ﻳﺆﺛﺮ 
 . ﻟﺜﻼﺛﺔ ﻋﻘﻮﺩ ﺍﻟﻤﺎﺿﻴﺔﺍﻟﻤﺴﺠﻠﺔ ﻋﻠﻰ ﻣﺪﺍﺭ ﺍ
 
ﻭﺣﺪﺍﺕ ﺍﻟﺘﻜﻴﻴﻒ ﻣﻦ ﺍﻟﻄﺎﻗﺔ ﺍﻟﻜﻬﺮﺑﺎﺋﻴﺔ ﻳﺼﻞ ﺇﻟﻰ  ﺍﺳﺘﻬﻼﻙﻭﻻ ﻳﺨﻔﻰ ﻋﻠﻰ ﺃﺣﺪ ﺑﺄﻥ 
ﻓﻲ ﻛﻴﻔﻴﺔ  ﺍﻟﺘﻔﻜﻴﺮﻣﻦ  ﻭﻋﻠﻴﻪ ﻓﺈﻧﻪ ﻻ ﺑﺪ. ﻣﻦ ﺇﺟﻤﺎﻟﻲ ﺍﻟﻄﺎﻗﺔ ﺍﻟﻤﻨﺘﺠﺔ% ۰۷ﻣﺎ ﻧﺴﺒﺘﻪ ﺣﻮﺍﻟﻲ 
ﻭﻟﻌﻞ ﻣﺒﺎﺩﺉ ﺍﻟﻄﺎﻗﺔ . ﻭﺣﺪﺍﺕ ﺍﻟﺘﻜﻴﻴﻒﺍﺳﺘﻬﻼﻙ ﻠﻰ ﻫﺬﻩ ﺍﻟﻄﺎﻗﺔ ﺑﺘﺨﻔﻴﺾ ﺍﻟﻤﺤﺎﻓﻈﺔ ﻋ
ﺗﻘﻨﻴﺎﺕ ﺟﺪﻳﺪﺓ ﻓﻲ ﻻﻋﺘﻤﺎﺩ ﻭﺍﻟﻤﺒﺎﻧﻲ ﺍﻟﺨﻀﺮﺍء ﺗﻌﻤﻞ ﺑﺸﻜﻞ ﺃﺳﺎﺳﻲ ﻋﻠﻰ ﺍﻟﺘﻮﺟﻴﻪ  ﺍﻟﻨﻈﻴﻔﺔ
 . ﻫﺬﺍ ﺍﻟﻤﺠﺎﻝ
 
ﻭﻟﻘﺪ ﻗﻤﺖ ﻓﻲ ﻫﺬﻩ ﺍﻟﺮﺳﺎﻟﺔ ﺑﺈﺟﺮﺍء ﺩﺭﺍﺳﺔ ﻷﺣﻤﺎﻝ ﺍﻟﺘﻜﻴﻴﻒ ﻭﺍﻟﺘﺒﺮﻳﺪ ﻟﻤﺠﻤﻊ ﺗﺠﺎﺭﻱ 
ﻧﻈﺎﻡ ﺍﻟﺘﺒﺮﻳﺪ ﻭﻳﺘﻜﻮﻥ ﺪﺍﺕ ﺳﻜﻨﻴﺔ ﻓﻲ ﻣﺠﻤﻊ ﺍﻟﺮﺍﺷﺪ ﺑﺎﻟﺨﺒﺮ، ﻳﺘﻜﻮﻥ ﻣﻦ ﺳﻮﻕ ﺗﺠﺎﺭﻱ ﻭﻭﺣ
ﻨﺎﻭﻟﺔ ﻫﻮﺍء ﻳﺘﻢ ﺗﻐﺬﻳﺘﻬﺎ ﺑﺎﻟﻤﺎء ﺍﻟﻤﺜﻠﺞ ﻋﻦ ﻁﺮﻳﻖ ﻣﺤﻄﺔ ﻓﻲ ﻫﺬﺍ ﺍﻟﻤﺠﻤﻊ ﻣﻦ ﻭﺣﺪﺍﺕ ﻣ
ﺍﻟﻔﻌﻠﻲ ﻟﻠﻤﺤﻄﺔ  ﺍﻻﺳﺘﻬﻼﻙﻭﻟﻘﺪ ﻗﻤﺖ ﺑﻤﻘﺎﺭﻧﺔ ﺩﺭﺍﺳﺔ ﺍﻷﺣﻤﺎﻝ ﻣﻊ . ﺍﻟﺘﺸﻠﺮﺍﺕ ﺍﻟﻤﺮﻛﺰﻳﺔ
ﻭﻛﺎﻧﺖ ﺍﻟﻔﺮﻭﻗﺎﺕ ﺑﺤﺪﻭﺩ  .ﺍﻟﻄﺎﻗﺔ ﺍﺳﺘﻬﻼﻙﻭﻗﺪ ﻗﻤﺖ ﺑﺘﻘﺪﻳﻢ ﺗﻮﺻﻴﺎﺕ ﻟﺘﻘﻠﻴﻞ  ﻋﻠﻰ ﻣﺪﺍﺭ ﺍﻟﻌﺎﻡ
 .ﺍﻟﻤﻘﺒﻮﻝﻭﻫﻲ ﺿﻤﻦ ﺍﻟﻨﻄﺎﻕ   %۰۱ – ۷ﺍﻟـ 
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CHAPTER 1  
INTRODUCTION 
 
The tremendous increase of electric power consumption in the Kingdom of Saudi Arabia 
motivated many investigators to study the electric load distribution. Statistics show that about 
70% of the electric power consumption goes to the building sector with about 70% of that 
load being consumed by air conditioning systems. These findings represented an alarm that 
motivated research on different energy saving strategies in the air conditioning sector. The 
thermal and energy performance of buildings depend on the thermal characteristics of the 
building envelope (walls and roof). One way to reduce the cooling requirement would be to 
have more energy-efficient building envelope (walls, windows and the roof) designs so that 
the amount of heat gains coming into the building interior could be limited.  
Building energy simulation by definition is the use of computer simulation methods for 
the analysis of energy efficiency and building loads. It includes air-conditioning and other 
building installations such as lighting and electrical systems. Building energy simulation is 
important for the study of energy efficiency in buildings.  Computer simulation packages are 
effective analytical tools for building energy research and evaluation of architectural design.  
To achieve efficiency goals, building designers require effective design tools for analyzing 
and understanding the complex behavior of building energy use.  Computer simulation and 
modeling have been used for providing an accurate and detailed appraisal of building energy 
design.   
  
 
2 
LEED (Leadership in Energy and Environmental Design), Green Buildings, and Zero 
Energy Buildings are proposing new codes and development in the field of energy saving.. 
Hence, new parameters were introduced to save as many of the energy as possible. 
Development of Equipment and new manufacturing technologies which introduced less 
power consumption motors and compressors have also improved efficiency ratios, like EER 
(Energy Efficiency Ratio) and SEER (Seasonal Energy Efficiency Ratio). 
The rapid development of computers and their use in building design have changed the 
design procedure and methods of the air-conditioning engineers and architects. In the past, 
air-conditioning design was focusing on the estimation of peak loads which were determined 
by either manual calculation or simple computing methods. 
Nowadays, load calculation and energy analysis on the building design are required in 
order to enhance the energy efficiency. It is necessary to conduct quantitative estimation on 
the building design schemes and assess the energy performance of completed buildings. Using 
computers to carry out load calculation and energy simulation is an important part of building 
design and energy efficiency research. 
Basically, most of energy is consumed by the HVACS (Heating, Ventilation and Air 
Conditioning Systems); this study shows the basics of simulation of building energy by 
explaining the relationship with cooling load and energy calculations. It is hoped that the 
understanding of this subject can be increased and the technique of building energy simulation 
can be utilized to analyze air-conditioning design so as to achieve a better and more energy 
efficient building design. 
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Famous Air Conditioning Manufacturers like Carries, Trane etc. have introduced their 
own heat load calculation codes and programs to develop easy and accurate way for 
Contractors, researchers and Engineering houses to estimate Load requirements for a project 
under study. Several private institutes have developed their own load calculation programs.  
Al-Rashid building in Al-Khobar which consists of three floor, hyper market and two 
floors of residential apartments is used in this study to determine load and energy calculations 
as shown in Figure 1.1, Figure 1.2, and Figure 1.3. 
Figure 1.1 Typical second and third floors of approximate area 12,200 m2 
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Figure 1.2: Hyper Market, approximate area is 16,616 m2 
 
Figure 1.3: Simplified building model using AutoCAD program, area divided into zones.  
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Building floors will be divided and simplified into zones; all parameters were input into 
the energy calculation program to formulate the model. Results are stated and compared to 
measured parameters. 
The main objectives from this study are to: 
1- Determine the cooling load requirement for a commercial building (Al-Rashid 
Residence and Hyper Market in Al-Khobar, Saudi Arabia)  
2- Carry out an energy analysis for the existing same building using different commercial 
HVAC packages. 
3- Make comparison between the actual and theoretical energy consumption for the 
existing building. 
4- Perform parametric study by changing input parameters. 
5- Propose alternative design and recommendations to reduce the energy consumption. 
As part of the study, and with the knowledge gained from participation in Project # 
AR_27_97 (Development of a simulation model in Arabic for the Performance of energy use 
in buildings) one of the main objectives of this project was the Arabization of  Energy Plus 
program, build up an Arabic interface and material database, please refer to Appendix (B) for 
more details 
. 
1.1 Structure of the thesis 
 
The remaining parts of the thesis are structures as follows. 
Chapter 2 Literature Survey: This chapter describes briefly previous related research effort.   
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Chapter 3 Climate Data Collection: This chapter defines variable weather information, and 
shows tables of weather conditions for different cities in Saudi Arabia. 
Chapter 4 calculation methodology:  This chapter describes different load calculation 
methodologies, with summary of properties of each method.   
Chapter 5 Parameters Definition: This chapter introduces the basic principles of the building 
energy simulation and explains its relationship with air-conditioning load and energy 
calculations. 
Chapter 6 Problem Formulation: This chapter defines the case study ( Al-Rashid Residence), 
and defines all input parameters. 
Chapter 7 Objectives and Solution Methodology: This chapter states the objectives of this 
study, compares results of parametric study and summarizes results.  
Chapter 8 System Modifications: This chapter proposes modifications to existing building and 
to reduce energy consumption and increase efficiency of operating system.   
Chapter 9 Conclusion and Recommendations: This chapter concludes the results and findings 
of this study and it states recommendations based on findings.  
 
 
 
  
 
7 
CHAPTER 2  
LITERATURE SURVEY 
 
This chapter describes briefly previous related research efforts. The literature search 
was focused on previous research works of relevance to the present study. The literature 
review includes works done related to simulation models for performance of energy use in 
buildings. It also includes different aspects of the available models, the energy calculation, 
and performance evaluation techniques. 
Computer-based simulation methods offer a powerful and flexible tool for building 
energy analysis. Hui (1998) presented a research study on the thermal and energy 
performance of commercial buildings in Hong Kong using computer modeling techniques on 
a microcomputer-based platform. His work explained the basic concept of energy simulation 
in building design and the properties of simulation design tools.  The range of applications 
and the limitations of existing simulation tools were described. Hui (1998) generated a 
database of energy simulation results using a personal computer (PC) version of the DOE-2. 
Building energy simulation program with a generic base case model building and the weather 
files were developed for Hong Kong. A parametric analysis was conducted to explore the 
energy-related design factors of commercial buildings. Research results showing the key 
parameters that influence the energy performance of commercial buildings in Hong Kong 
were reported. The evolution of building energy simulation has encouraged architects to apply 
this technology to building design (Clarke and Maver 1991).  From a traditional handbook 
approach to computer simulation method, building designers are trying to extend the limits of 
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architectural design. However, the application of simulation in building design is problematic 
because the simulation tools are complicated and many building designers are not familiar 
with their properties and limitations.  In real-life, the nature of the building design process and 
the shortcomings of current simulation tools have made it difficult for the architect to use such 
tools efficiently (Holm 1993).  
The basic concept of building energy simulation is based upon the traditional methods 
of load and energy calculations in heating, ventilating and air-conditioning (HVAC) design 
(ASHRAE, 1993). Load calculation designs the equipment of a system by determining peak 
design loads in a year. However, the energy calculation estimates the energy needed to have 
the required load in that year. The simulation reflects dynamically the performance of 
building’s energy. The simulation also shows the relationship between energy and design 
parameters. The simulation also can give a hand in design evaluation and system selection by 
introducing the indoor environmental condition, equipment and plant performance and energy 
consumption. To run the simulation properly, close to real building characteristics and design 
parameters shall be introduced. Results are consumption of energy, peak demand and indoor 
conditions. In general, the model aims to design a system that provides residents’ comfort 
level with acceptable energy consumption, or it can be used for performance optimization.    
William (1992), ASHRAE (1991) and Association of Energy Engineers (1991) all 
introduced directories for energy programs to distinguish between different applications of 
energy programs. Other buddies like Scientific computing (1996 & 1995), Anzoategui (1994), 
Amistadi (1993) and Augenbroe and Winkelmann (1991) reviewed the energy software to 
help users choose what fits them the most. Their reviews included information about 
simplicity of application and output nature of those applications. However, due to complicity 
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of some of those applications, such reviews do not necessarily give what the user seeks. As an 
example, DOE 2 requires many inputs that may let the user shift to easier software like 
Carrier which has a friendly user interface but with less output. In general, selection of 
simulation program depends on cost analysis, project’s requirements, and experience of the 
user. Hints on selection of simulation software can be found in ASHRAE (1995 & 1993).  
In his work, Capeluto (2003) studied the energy performance of the self-shading 
building envelope. Capeluto used the Solar Collection Envelope (SCE) concept for the 
generation of the self-shading envelope. He applied computer model to create the monogram 
of the Solar Collection Envelope. His work has dealt with the determination of solar 
envelopes for different purposes. In 1979, Arumi implemented computerized models which 
can determine the maximum allowed height of building without violating the nearby 
buildings. Other buddies Uen_Fang, Capeluto and Shaviv suggested two types of envelops, 
solar rights envelop and the solar collection envelope. These envelopes allow the definition of 
the volume inside which one can build without violating the solar rights of neighboring 
buildings and while avoiding being shaded by them. In his work, Capeluto (2003) concluded 
that the solar collection envelope can be used to determine the building’s shape, to assure 
solar access in winter and self-shading in summer. 
Al-Homoud (2001) who presented computer-aided building energy analysis 
techniques indicated three primary economic sectors of energy use named as industry, 
transportation, and buildings. Buildings have a substantial share of the energy consumption. 
Residential building envelope heat gain and cooling energy requirements were presented by 
Lam et al. (2005) who presented the energy use situation in Hong Kong from 1979 to 2001. 
They equations for the overall thermal transfer value OTTV for the walls as well as for the 
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roof were derived. For simplicity, only wall OTTV had been analyzed in their study to 
determine the OTTV parameters. Hui and Cheung (1997) discussed the concept of multi-year 
building simulation. Their work discussed a multi-year approach to building energy 
simulation and presented a study in Hong Kong that investigated long-term building energy 
performance using multi-year weather data. Building energy simulations in the pilot study 
were carried out using the DOE-2.1E program. It was indicated that the availability of multi-
year weather data is a critical limiting factor at present. To carry out multi-year simulation 
effectively, it is important to develop an efficient simulation process and new ways of 
interpreting simulation results. 
 Hui and Cheung (1998) presented Application of Building Energy Simulation to Air-
conditioning Design. Their work introduced the basic principles of building energy 
simulation, explained its relationship with air-conditioning load and energy calculations, and 
described the application in air-conditioning design. The aspects and trends of the application 
of computational fluid dynamics in building design were conducted by Zhai (2006). The study 
introduces the roles of CFD in building design, demonstrating its typical application in 
designing a thermally-conformable, healthy and energy-efficient building. The study 
discusses the primary challenges of using CFD in the building modeling and design practice. 
Yang et al (2006) conducted an analysis of energy saving potential in commercial buildings of 
Hong Kong. In their study, the major factors influencing the electricity use of HVAC systems 
were studied with the building energy simulation program EnergyPlus. From the analysis of 
the simulation results, it was concluded that great energy saving potential existed through 
improving the efficiency of using electricity in commercial buildings, especially the portion 
that was used for HVAC in such buildings, and a combination of desirable system parameters 
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for energy efficiency of commercial building was proposed. The current technology of the 
residential cogeneration systems was reviewed by Onovwiona and Ugursal (2006). Their 
work provided a review of the various cogeneration technologies suitable for residential 
applications. The study considered the various technologies available and under development 
for residential applications, with focus on single-family applications. 
A simplified method to estimate energy savings of artificial lighting use from day 
lighting was presented by Krati et al (2005). Their work provided a simplified analysis 
method to evaluate the potential of day lighting to save energy associated with electric 
lighting use. Impacts on day lighting performance were investigated for several combinations 
of building geometry, window opening size, and glazing type for four geographical locations 
in the United States. It was determined that for most commercial buildings with glass 
transmittance values above 0.5, increasing window area to floor area ratio above 0.5, day 
lighting does not provide significant additional lighting energy savings. A direct correlation 
had been established between window transmittance and window area on annual lighting 
reductions. A model was proposed to estimate lighting energy savings given perimeter area, 
window area, and window type. Verification and validation of the model's predictions were 
demonstrated using results from building energy simulation as well as experimental data. Yik 
and Wan (2005) provided an evaluation of the appropriateness of using overall thermal 
transfer value (OTTV) to regulate envelope energy performance of air-conditioned buildings. 
They presented a historical review of the use of OTTV in American Society of Heating, 
Refrigerating and Air-conditioning Engineers (ASHRAE) Standard 90. A review of more 
recent work on its further development and application was also presented. The major 
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deficiencies of OTTV were discussed, and simulation study results meant to highlight the 
impacts of such deficiencies were presented. 
Zhu (2006) used computer simulation technology to evaluate different energy 
conservation alternatives and to assist facility managers to select reliable and feasible 
solutions. He discussed the major aspects of the project, including the challenges, the values 
and the limitations of applying computer simulation techniques in such a facility with 
complicated structural, occupancy and operation features. His study indicated that computer-
based simulation is a valuable technique to assist facility managers in determining energy 
conservation solutions and that the simulation offers a reusable and effective tool for energy 
efficiency studies.  He also observed that existing simulation tools are in general lack of 
capabilities to integrate with other software tools such as cost estimation. Bazjanac (2004) 
discusses the IFC HVAC extension schemata that were included in the latest release of the 
IFC data model (IFC2×2) and the functionalities and industry processes it supported. He also 
discussed the current issues in data exchange for such simulation. The author concluded that 
the IFC2x2 data model provides a unique opportunity for developers of HVAC software to 
make use of stable and internationally agreed upon ways to describe what their software is 
dealing with. Fong et al (2006) proposed a simulation-optimization approach for the effective 
energy management of HVAC system. A met heuristic simulation–EP (evolutionary 
programming) coupling approach was developed using evolutionary programming, to handle 
the discrete, non-linear and highly constrained optimization problems, such as those related to 
HVAC systems. The authors concluded that as a whole, the simulation–EP coupling approach 
demonstrated effective potential to provide the required operational settings for existing 
installations.  
  
 
13 
Holmes and Hacker (2007) addressed the dual challenge of designing sustainable low-
energy buildings while still providing thermal comfort under warmer summer conditions 
produced by anthropogenic climate change. The authors concluded that sustainable design 
must take account of future performance. Tronchin and  Fabbri (2008) analyzed  and 
compared three different models for  energy performance of buildings, in order to quantify 
their gap with the real energy consumptions. They concluded that the calculation codes 
actually do not give a comparable result of energy consumption in the buildings and that the 
intervals of confidence depend on local normative and different calculation models. Eskin and 
Turkmen (2008) investigated the interactions between passive and operational conditions and 
energy (heating/cooling loads) requirements, in office buildings in the four major climatic 
zones in Turkey through building energy simulation program .  In their investigation, a 
building energy simulation technique using EnergyPlus was used to estimate heating, cooling 
and total energy requirements. In order to validate the simulation program, the output results 
of the program were compared with the results of the monitored building. Two different 
outdoor air control strategies: VAV (1) fixed minimum and maximum outdoor air ratios (0.1) 
and VAV (2) fixed total outdoor airflow rate to each floor were simulated. They reported that 
the investigation results will contribute to better understanding of the dynamic interactions on 
the thermal performance of office buildings in the different climates in Turkey. 
Wang et al (2009) discussed possible solutions for zero energy building design in UK. 
The authors used simulation software (EnergyPlus and TRNSYS 16) to enable facade design 
studies considering building materials while TRNSYS was used for the investigation of the 
feasibility of zero energy houses with renewable electricity, solar hot water system and energy 
efficient heating systems under Cardiff weather conditions. Various design methods were 
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compared and optimal design strategies for typical homes and energy systems were provided. 
They concluded that it is theoretically possible to achieve the zero energy homes in the UK. 
Parkar (2009) presented measured annual performance data from a dozen recent-vintage very 
low energy homes in North America.  In general, the presented research data suggested that 
while genuine research challenges remain, very low energy use buildings can very readily be 
achieved in North America. 
Based on the above literature research and to the best of the authors’ knowledge, it is clear 
that there is a real demand for a simulation model for the performance of energy utilization in 
buildings of the Kingdom of Saudi Arabia.  
 2.1 Load calculation and Energy Simulation Programs 
Energy conversation has a vital role on project’s commissioning process. Hence, many 
software packages were introduced to easily reduce the costs. Todays software packages are 
developed to conserve energy the most.   
The HVAC applications started to appear in 19060s General. The hourly calculation 
method of simulation first started during gas and electric industries. That idea raised the 
formation of Task Group Energy Requirements in ASHRAE.  
Thermal energy software packages in early 1960s were available in universities and 
national laboratories.  However, APEC (Automated Procedure for Engineering Consultants) 
had given a hand in developing cooling load calculation program using the TMTD method 
which relies on averaging of hourly heat gain in a specific period of time. The TMDT is 
similar to the weighting factor method in concept. The method was improved later to 
convention method. 
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Recently, there are several widely used commercial Heating, Cooling Load calculation 
Programs such as DOE, Block Load, Load Express, CHVAC (Commercial heating ventilation 
& air conditioning)  and many other individual programs. See table 1 for brief comparison 
between main programs 
Table 1: Comparison between load calculation programs 
  
Program 
Load 
Express 
Trace Load 
700 Block Load CHVAC 
Energy 
Plus Visual DOE 
Provider TRANE TRANE CARRIER ELITE DOE 
Architectural 
Energy 
Corporation 
Version 0 2.3a 3.05 7.01.71 6.0 4.0.0 
Updates No No No Available Free Yes No 
Application load Calculation 
load 
Calculation 
load 
Calculation 
load 
Calculation 
and Energy 
Analysis 
 Energy 
Analysis 
 Energy 
Analysis 
# of Zones 20 Unlimited  Unlimited  Unlimited  Unlimited  Unlimited  
Graphics No No No Yes Yes Yes 
Design 
Template No No No Yes No Yes 
Weather 
Database 
Available 
for 3 cities 
in SA, Hard 
to Modify 
Available 
for 3 cities 
in SA, Hard 
to Modify 
Very Good 
and easy 
to modify 
21 cities in 
Saudi 
Arabia and 
easy to add 
Limited 
to 
available 
cities 
Limited to 
available 
cities 
Material 
and 
Internal 
Load 
Database 
Available Available Defined by user Available  Available  Available 
Ease of Use Easy Easy Easy 
Med. For 
professional 
users 
Difficult 
Med. For 
professional 
users 
Step By 
Step 
Evaluation 
No No No Yes Yes Yes  
Energy 
Analysis No Yes No Yes Yes Yes  
  
 
16 
Load calculation in general considers many factors which makes the method laborious. 
That is very clear if conditioned space is large in volume and complicated. However, till now 
there is no user friendly package that serves Arab users.  
2.2 Comparison between Load Calculation Methodologies:  
ASHRAE Handbook of Fundamentals (2009) and subsequent volumes described the 
transfer functions which are used for heat gain calculations. Calculations of room loads are 
aimed with a technique described in ASHRAE 2009 called time averaging. However, the 
TETD ASHRAE 2009 tables were calculated by the method of exact response factor. The 
following comparison is well presented in University of Florida lecure 5 Cooling Load 
(2007), contents will be quoted as mentioned in this lecture.   
CLTD-CLF (ASHRAE TFM): This method (also referred to as Transfer Function Method 
or TFM) uses transfer functions to calculate both the heat gain and room load just as the 
CLTD/CLF tables were produced in the 1985 ASHRAE Handbook of Fundamentals. (It is of 
interest to note that all the CLTD and CLF tables appearing in the 1985 Handbook are based 
on the original transfer functions appearing in the 1972 ASHRAE Handbook of 
Fundamentals, except for lighting CLF's.) The differences between the tabular data and the 
exact transfer function method will vary based on the degree of difference in the assumptions 
between the two methods. For example, the wall CLTD tables are organized into several 
generic "groups" based on wall time delay and amplitude characteristics and, as such, are 
representative averages. In addition, the room delay was calculated only for rooms of 
"medium" weight. The TFM method, on the other hand, calculates the wall heat gains using 
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the wall heat gain transfer function for each particular wall, and the room load transfer 
function coefficients for the calculated or entered weight of the particular room 
TETD-TA2: The heat gain calculations are based on the "approximate" TETD heat gain 
method that uses a "lambda" and "delta" to describe the amplitude and time delay 
characteristics for a particular wall or roof slab. The room load calculations are based on the 
"time-averaging" technique described in the 1972 ASHRAE Handbook of Fundamentals. 
Since the heat gains for this method are less exact than those used for TETD method 
described for TETD-TA1, it is recommended that this method only be used for comparison 
purposes. Note, however, that the simplicity of the method does allow the load calculation 
phase of the program to execute faster 
TETD-PO: The heat gain calculations are based on the "approximate" TETD heat gain 
method that uses a "lambda" and "delta" to describe the amplitude and time delay 
characteristics for a particular wall or roof slab. The room load calculations are based on the 
Post Office RMRG weighting factors used in the original versions of TRACE. These factors 
are independent of room construction and vary only according to the type of heat gain 
RP359: This method is based on the results of ASHRAE Research Project Number 359. The 
heat gain calculations are based on the transfer function method, while the room load 
calculations are based on room transfer coefficients (i.e. weighting factors) generated for 
specific combinations of building components. This method uses the same algorithms as the 
CLTD-CLF method, only the room load coefficients differ. 
 RTS (ASHRAE Tables): Selecting this option causes the load calculations to interpolate the 
Radiant Time Series values as defined in Tables 24 and 25 of the 2001 ASHRAE Handbook 
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of Fundamentals based on each room’s percent glass, carpet/no carpet, and Light/Medium/or 
Heavy construction parameters 
 RTS (Heat Balance): Each room’s solar and non solar Radiant Time Series values are 
calculated based on the rigorous Heat Balance method described in the 2001 ASHRAE 
Handbook of Fundamentals using algorithms found in the ASHRAE Toolkit for Building 
Load Calculations. In addition, the toolkit algorithm for this methodology was modified to 
account for the amount of solar gain lost through retransmission back out the window. These 
heat balance-derived RTS values are implemented during the hourly simulation in a manner 
similar to custom weighting factors used by the DOE 2.1 energy analysis program. 
CEC-DOE2: This room load method duplicates the "Pre calculated Weighting Factors" in the 
DOE2 program, weighting factors for light, medium, and heavy construction is based on the 
original ASHRAE. 
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CHAPTER3 
CLIMATE DATA COLLECTION 
  
For designing simulation software, the following information shall be available 
• Outdoor and indoor design conditions. 
• Characteristics of proposed or actual HVAC system such as system type, duct quality, 
and fan energy and location. 
• Characteristics and configuration of the building such as shape, material 
specifications, and orientation. 
• Indoor schedules of equipment and lighting usage, and human occupancy. 
• Geographical site characteristics. 
 
Data of local outdoor climatic conditions were collected. The weather parameters required for 
building the energy simulation software included solar radiation, temperature and wind speed. 
This chapter describes the collected climate data. Section 3.1 presents weather data collected 
at King Fahd International airport. Section 3.2 presents weather and solar insolation data at 
king Fahd International Airport in Dammam. Section 3.3 presents tables of solar insolation for 
different cities in Saudi Arabia. Section 3.4 describes briefly the weather data generation 
using models.   
 
3.1 Weather Data at King Fahd International Airport 
Weather data were collected for the main cities in the Kingdom of Saudi Arabia which are 
Riyadh, Jeddah and Dammam. The data are shown in Appendix 1 (A sample is given in Table 
1) for the year 2008 at King Fahd International Air port and includes the following properties.  
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1-Air (mean) temperature  
2-Air (maximum) temperature  
3-Air (minimum) temperature  
4-Wind (mean) speed 
5-Wind prevailing direction  
6-Pressure (mean) station level  
7-Pressure (mean) sea level  
8-Relative humidity (mean)  
9-Vapor pressure (mean)  
10-Rainfall (total)  
 
3.2   Weather and solar insolation Data at King Fahd International Airport 
 
The weather and solar insolation data at King Fahd International airport are shown in Table 2 
and Table 3. 
3.3  Solar insolation Data For different cities. 
 
The Solar insolation (hourly data) for some cities of the Kingdom was collected. An example 
of data for fifteen days of Riyadh city is given in Table 4. 
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Table 2: Solar Insolation of Riyadh 
Year Month Day 
Wind 
Prevailing 
Direction 
Wind 
Mean 
Speed 
Air 
Temperature 
Mean DB 
Air 
Temperature 
Max DB 
Air 
Temperature  
Min DB 
Pressure 
Mean  
Station 
Level 
Pressure  
Mean  
Sea Level 
Relative 
Humidity  
Mean 
Vapor 
Pressure  
Mean 
Rainfall  
Total 
2008 1 1 WNW 5 16.3 25 11 1016 1017.2 54 10.1 0 
 1 2 S 11 20.1 28.3 11 1013 1014 37 8.4 0 
 1 3 NW 6 19.5 25 14 1014 1015.6 59 13.6 0 
 1 4 ENE 10 19.5 23 17 1014 1015.4 78 17.8 24.8 
 1 5 NW 9 17.2 21 15.6 1016 1017.7 71 13.8 5.5 
 1 6 W 13 13.9 19.9 10.5 1016 1017.7 53 8.3 0 
 1 7 WNW 12 8.6 12 5.4 1020 1021.5 38 4.1 0 
 1 8 W 7 8.7 14 3 1020 1021.4 41 4.3 0 
 1 9 W 3 10.2 17 4 1020 1021.2 43 4.9 0 
 1 10 E 3 11.8 18 6 1019 1019.8 54 7.2 0 
 1 11 E 5 12.9 15 11.7 1015 1016.8 76 11.3 4.6 
 1 12 NW 16 9.8 13 7 1020 1021.2 69 8.3 0 
 1 13 NW 14 9 10.7 7.8 1019 1020.7 79 9.5 4 
 1 14 NW 16 8.5 10.6 7 1020 1021.6 51 5.6 0 
 1 15 NW 14 7 11 4 1022 1023.3 41 4 0 
 1 16 WNW 12 6.4 11 0.8 1025 1027 40 3.7 0 
 1 17 WNW 11 8.3 13.9 2.4 1027 1028.3 47 4.9 0 
 1 18 WNW 6 9.9 15.2 4.5 1023 1023.8 55 6.4 0 
 1 19 WNW 4 12.3 17 7 1019 1020.6 62 8.6 0 
 1 20 E 3 14.9 21 9 1018 1019.3 60 9.6 0 
 1 21 SSE 6 16.5 21 12 1015 1016.4 64 11.9 778 
 1 22 NW 8 15.3 18 12.7 1015 1016.8 47 7.9 0.4 
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 1 23 SE 5 15.3 17.5 13 1013 1014.6 73 12.8 1.6 
 1 24 NW 10 14.2 19.1 10.3 1017 1018.5 63 9.9 0 
 1 25 NW 10 11.3 14.2 9 1017 1018.9 62 8.2 0 
 1 26 SSE 7 13.5 17 11 1014 1014.9 62 9.7 0.6 
 1 27 NNW 7 14.4 18 13 1014 1015.7 74 12.1 0 
 1 28 WNW 8 12.5 18 7.6 1018 1019.3 69 9.8 0 
 1 29 ENE 5 14.1 21 8 1017 1018.9 62 9.5 0 
 1 30 SSE 10 16.6 25 9.6 1012 1013.5 52 9.1 0 
 1 31 NW 10 16.1 23.5 12 1011 1013.2 55 10 0 
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Table 3: Dhahran Saudi Arabia Monthly Weather Data Summary 
Latitude =  26.28                    Longitude =  -50.20                    Time Zone =  -3 
  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 
Avg. Temp. (F) (Drybulb) 60.4 63.3 72.5 78.6 90.7 94.7 98.7 96.4 91.7 86.8 72.9 65.4 81.1 
Avg. Temp. (F) (Wetbulb) 57.8 59 63.2 68.3 72.5 74.4 76.8 79.6 77.8 78.4 66.2 62.6 69.8 
Avg. Daily Max. Temp. 67 71.5 81.9 88.7 99 103.6 107.3 104.7 101.4 97.8 81.2 72 89.8 
Avg. Daily Min. Temp. 54.2 56.3 65.3 70.7 83.3 86.8 90.5 88.7 84.5 79.8 66 59.4 73.9 
Heating Deg. Days (Base 65) 163.5 71 7 0 0 0 0 0 0 0 1 71.5 314 
(Base 60) 67.5 13.5 0 0 0 0 0 0 0 0 0 19.5 100.5 
(Base 55) 8 0 0 0 0 0 0 0 0 0 0 1 9 
Cooling Deg. Days (Base 80) 0 0 13.5 75 345.5 456.5 587 519 388 272.5 8 0 2665 
(Base 75) 0 1.5 49 157 500.5 606.5 742 674 538 427.5 48 2 3746 
(Base 70) 0 7 144 291.5 655.5 756.5 897 829 688 582.5 119 30 5000 
(Base 65) 26.5 40.5 274 441.5 810.5 906.5 1052 984 838 737.5 259 93 6463 
Heating Deg. Hrs./24 (Base 65) 177.5 99.2 17.9 0.5 0 0 0 0 0 0 9.7 88.1 392.8 
(Base 60) 84.9 36.8 2.2 0 0 0 0 0 0 0 0.8 36.8 161.4 
(Base 55) 29.4 8.7 0 0 0 0 0 0 0 0 0 10.3 48.5 
(Base 50) 4.9 0.6 0 0 0 0 0 0 0 0 0 1 6.5 
Cooling Deg. Hrs./24 (Base 80) 0 1.2 22.6 81.6 333.6 441.4 581 509.1 350 219.5 14.9 0.3 2555.3 
(Base 75) 0 3.4 64.2 155.2 485.8 591.4 736 664.1 499.9 366.3 53.5 6.1 3625.9 
(Base 70) 3.9 14.5 137.8 267.6 640.8 741.4 891 819.1 649.9 520.8 132.6 34.6 4854 
(Base 65) 35.3 52.5 250.4 408.6 795.8 891.4 1046 974.1 799.9 675.8 247.1 101.2 6278.2 
Maximum Temp. 75 87 97 107 112 112 115 114 112 105 93 82 115 
Minimum Temp. 44 48 57 63 75 82 86 84 79 73 55 46 44 
No. Days Max. 90 And Above 0 0 5 12 30 30 31 31 30 28 2 0 199 
Avg. Wind Speed (Mph) 9.7 9.5 6.8 8 9.8 9.7 9.3 8.7 8.2 6.5 8.6 9.1 8.7 
Avg. Wind Speed (Day) 9.8 9.8 7.3 8.3 11.1 10.5 10.6 9.7 9.3 6.8 8.8 9.1 9.3 
Avg. Wind Speed (Night) 9.6 9.3 6.4 7.7 8.5 8.9 8.1 7.9 7.3 6.2 8.5 9.1 8.1 
Avg. Temp. (Day) 63.8 67.8 77.3 83 94.5 98.7 103.1 100.8 96.4 91.6 77 68.6 86.6 
Avg. Temp. (Night) 58.4 60.5 68.9 74.7 86.8 90.5 94.4 92.4 87.6 83 70 63.4 76.7 
Avg. Rel. Hum. At  4AM 91.6 92.9 76.9 73.2 53.8 46.7 44 55.4 64.9 87.7 81.1 91.3 71.5 
10AM 84.4 79.3 56.9 54.1 40.2 33.7 33.4 46.2 49.9 60.5 66.8 84.6 57.4 
4PM 75.1 58.8 45.6 49.1 33.8 33.2 31.2 44.8 42.6 55.9 59 77 50.5 
10PM 91.8 87.1 68.3 70.4 46.8 47.3 45.2 54.5 69.4 86.9 78.4 89.9 69.6 
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Table 4: Average daily solar radiation Dhahran Saudi Arabia Monthly Weather Data Summary  
Latitude = 26.28                    Longitude = -50.20                    Time Zone = -3 
  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 
Avg. Daily Direct Normal  Solar 1871.1 2204.7 2312.3 2495.1 2843.4 2821.5 2700.2 2671.3 2745.1 2178.9 1929 1800.4 2381.3 
Avg. Daily Total Horizontal Solar 1098.7 1450.8 1671.1 1988.7 2337.3 2434.1 2381.4 2238.2 2013.7 1615.2 1246.1 1014.2 1792.2 
Max. Daily Direct Normal  Solar 2436 2747 2802 2985 3090 3038 2918 2828 2944 2335 2243 2243 3090 
Max. Daily Total Horizontal Solar 1503 1764 2039 2407 2507 2609 2549 2392 2223 1836 1452 1248 2609 
Min. Daily Direct Normal  Solar 1014 1346 744 620 1881 2618 2469 2425 2500 1829 846 786 620 
Min. Daily Total Horizontal Solar 557 841 447 510 1519 2277 2179 2017 1752 1242 544 403 403 
Max. Hrly  Direct Normal  Solar 303 310 309 303 297 292 283 289 299 273 268 274 310 
Max. Hrly  Total Horizontal Solar 232 262 291 323 327 330 321 315 307 270 226 203 330 
Avg. Max. Hrly Direct Normal Solar 254.9 278.7 272 267.9 280.1 275.8 273.4 275.8 286.4 260.5 249.9 238.8 267.7 
Avg. Max. Hrly Total Hrzntl Solar 184.1 226.2 252.8 279.3 310.8 312 308.1 300.7 284.5 243.4 203 171.9 256.5 
Avg. Daily Total Vertical Solar Azimuth 
N 208.2 268.2 306.4 407.1 655.1 806.7 720 521.4 367 321.2 248.8 194.9 419.6 
E 899.3 1114.3 1265.8 1417.3 1625.1 1664.5 1592.7 1560.8 1565.1 1310.9 1064.1 876.8 1330.4 
S 1496 1540.2 1175.5 807.5 597.5 511.8 551.8 763.9 1156 1436.7 1530.9 1491.7 1085.5 
W 530.8 696 799.9 887.9 1043.5 1030.6 1017.7 996.6 902.5 691.8 535.4 467.7 800.5 
Max. Daily Total Vertical Solar Azimuth 
N 280.6 321.8 370.7 530 768.8 872 861.2 599.2 430.4 358.4 286.1 242.2 872 
E 1186.7 1325.6 1539.1 1715.7 1791.7 1778.3 1754 1641.5 1674 1412.2 1268.1 1074.1 1791.7 
S 1923.5 1833.1 1554.3 1092.9 721.8 549.3 623.7 948 1338.5 1586.4 1705.2 1866.9 1923.5 
W 714.8 964.1 982 1063.3 1146.8 1120.4 1092 1129.7 1013 765.8 639.7 606.2 1146.8 
Max. Hrly  Total Vertical Solar Azimuth 
N 45.4 50.4 53.7 81.4 110.3 125.5 125.6 93.1 55.7 51.9 43.8 40.1 125.6 
E 268 289.4 317.5 334.6 320.4 314.3 312.1 316.9 335.6 295.2 268.7 257.9 335.6 
S 260.8 251.2 212.6 157.9 114.7 74.1 89.9 140.2 187.4 226.9 248.9 260.4 260.8 
W 161.6 177.4 186 185.5 178.2 172.7 164.6 173.9 182.9 130.5 120 126.1 186 
Dhahran Saudi Arabia  Monthly Weather Data Summary 
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Table 5: Design Temperature per cent 
Design Temperatures Per Cent Summer Winter 
 T(Dry) T(Wet) T(Dry) 
1 112 90 48 
2.5 110 89 49 
5 106 87  
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Table 6: Monthly Average Temperatures as a Function of Hour of the Day in deg F. 
HOUR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR 
0 58.3 60.2 68.6 74.5 86.3 90.2 93.6 92.2 87 83 70.5 63 77.4 
1 57.9 59.4 67.6 73.5 86 89.7 92.9 91.3 86.7 82.3 69.9 62.4 76.7 
2 57.7 59 66.8 73.1 85.5 89.4 92.7 91 86.6 81.9 69 62 76.3 
3 57.3 58.1 66.7 73.1 84.9 88.8 92.6 90.5 86.3 81.4 68 61.9 75.9 
4 56.7 57.5 66.6 72.8 84.5 87.9 92.4 89.9 85.7 81.2 67.2 61.8 75.5 
5 56.2 57.1 66.4 72.2 84.2 88.1 92.4 89.7 85.6 80.8 66.8 61.9 75.2 
6 55.8 57.1 66.8 72.9 85.5 89.8 93.6 91.1 86.5 81.4 66.8 61.9 75.9 
7 56.7 58.7 68.6 75.7 88.6 92.9 97 93.9 88.6 83.5 68.4 62.6 78.1 
8 58.6 61.5 71.7 79.1 91.9 96.5 100.8 97.5 92 86.7 71.3 64.2 81.1 
9 61.2 64.8 75.4 82.7 94.7 99.6 103.7 100.9 96.1 90.6 74.8 66.4 84.4 
10 63.4 67.8 78.2 85.4 96.5 101.8 105.2 103 98.7 94.1 77.6 68.4 86.8 
11 65 69.3 79.6 86.9 97.7 102.5 106.2 104.1 100.2 96.4 79.6 70 88.2 
12 65.6 70.2 80.6 87.2 97.6 102.5 106.4 104 100.8 97 80.3 70.8 88.7 
13 66.1 71 80.7 86.8 97.8 102.1 106.3 103.8 100.4 95.8 80.2 71 88.6 
14 65.9 70.6 80.2 85.8 97.3 101.5 106 103.2 99 94 79.6 70.6 87.9 
15 65 69.6 79.2 84.5 96.6 100.3 104.8 102.4 97.7 91.7 77.9 69.3 86.7 
16 63.7 67.6 77 82.4 95.2 98.6 103.4 100.9 95.5 88.9 75.8 67.6 84.8 
17 61.9 65.4 74.1 79.4 92.8 96.8 101.1 98.5 92.6 86.2 74.2 66.4 82.6 
18 60.7 64 72 77.4 90.3 94 98.3 96 90.5 85.2 73.4 65.8 80.7 
19 60 63.4 71.3 76.8 89.1 92.9 96.9 94.9 89.6 84.7 72.8 65.4 79.9 
20 59.7 62.7 70.9 76.6 88.8 92.6 96.4 94.4 89.1 84.4 72.4 65 79.5 
21 59.2 62.1 70.8 76.3 88.6 92.3 96.6 94.2 88.9 84.3 71.8 64.5 79.2 
22 58.8 61.8 70.6 75.9 88.1 91.6 96 93.6 88.2 84.1 71.2 64 78.8 
23 58.5 61.1 69.7 75.5 87.4 90.7 94.5 93.1 87.5 83.7 70.6 63.3 78.1 
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Table 7: Solar insolation (hourly data) for Dhahran. 
Ja
nu
ar
y 
Day HH:MM 
GloHorzR
ad 
{Wh/m2} 
Day HH:MM 
GloHorzR
ad  
{Wh/m2} 
Day HH:MM 
GloHorzR
ad 
{Wh/m2} 
Day HH:MM 
GloHorzR
ad 
{Wh/m2} 
Day HH:MM 
GloHorzR
ad  
{Wh/m2} 
1 1:00 0 2 1:00 0 3 1:00 0 4 1:00 0 5 1:00 0 
1 2:00 0 2 2:00 0 3 2:00 0 4 2:00 0 5 2:00 0 
1 3:00 0 2 3:00 0 3 3:00 0 4 3:00 0 5 3:00 0 
1 4:00 0 2 4:00 0 3 4:00 0 4 4:00 0 5 4:00 0 
1 5:00 0 2 5:00 0 3 5:00 0 4 5:00 0 5 5:00 0 
1 6:00 0 2 6:00 0 3 6:00 0 4 6:00 0 5 6:00 0 
1 7:00 6 2 7:00 5 3 7:00 5 4 7:00 5 5 7:00 5 
1 8:00 122 2 8:00 118 3 8:00 121 4 8:00 121 5 8:00 120 
1 9:00 333 2 9:00 308 3 9:00 334 4 9:00 333 5 9:00 333 
1 10:00 517 2 10:00 447 3 10:00 523 4 10:00 521 5 10:00 522 
1 11:00 636 2 11:00 501 3 11:00 660 4 11:00 651 5 11:00 658 
1 12:00 670 2 12:00 464 3 12:00 729 4 12:00 707 5 12:00 729 
1 13:00 695 2 13:00 461 3 13:00 723 4 13:00 657 5 13:00 725 
1 14:00 634 2 14:00 411 3 14:00 647 4 14:00 519 5 14:00 650 
1 15:00 497 2 15:00 320 3 15:00 504 4 15:00 325 5 15:00 505 
1 16:00 302 2 16:00 210 3 16:00 311 4 16:00 201 5 16:00 309 
1 17:00 91 2 17:00 70 3 17:00 99 4 17:00 65 5 17:00 99 
1 18:00 2 2 18:00 1 3 18:00 2 4 18:00 2 5 18:00 2 
1 19:00 0 2 19:00 0 3 19:00 0 4 19:00 0 5 19:00 0 
1 20:00 0 2 20:00 0 3 20:00 0 4 20:00 0 5 20:00 0 
1 21:00 0 2 21:00 0 3 21:00 0 4 21:00 0 5 21:00 0 
1 22:00 0 2 22:00 0 3 22:00 0 4 22:00 0 5 22:00 0 
1 23:00 0 2 23:00 0 3 23:00 0 4 23:00 0 5 23:00 0 
1 24:00 0 2 24:00 0 3 24:00 0 4 24:00 0 5 24:00 0 
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Ja
nu
ar
y 
Day HH:MM 
GloHorzR
ad 
{Wh/m2} 
Day HH:MM 
GloHorzR
ad  
{Wh/m2} 
Day HH:MM 
GloHorzR
ad 
{Wh/m2} 
Day HH:MM 
GloHorzR
ad 
{Wh/m2} 
Day HH:MM 
GloHorz
Rad  
{Wh/m2
} 
6 1:00 0 7 1:00 0 8 1:00 0 9 1:00 0 10 1:00 0 
6 2:00 0 7 2:00 0 8 2:00 0 9 2:00 0 10 2:00 0 
6 3:00 0 7 3:00 0 8 3:00 0 9 3:00 0 10 3:00 0 
6 4:00 0 7 4:00 0 8 4:00 0 9 4:00 0 10 4:00 0 
6 5:00 0 7 5:00 0 8 5:00 0 9 5:00 0 10 5:00 0 
6 6:00 0 7 6:00 0 8 6:00 0 9 6:00 0 10 6:00 0 
6 7:00 4 7 7:00 5 8 7:00 2 9 7:00 2 10 7:00 5 
6 8:00 82 7 8:00 113 8 8:00 43 9 8:00 50 10 8:00 118 
6 9:00 162 7 9:00 285 8 9:00 98 9 9:00 161 10 9:00 331 
6 10:00 284 7 10:00 432 8 10:00 155 9 10:00 282 10 10:00 521 
6 11:00 392 7 11:00 522 8 11:00 196 9 11:00 390 10 11:00 659 
6 12:00 469 7 12:00 552 8 12:00 219 9 12:00 467 10 12:00 731 
6 13:00 432 7 13:00 575 8 13:00 216 9 13:00 466 10 13:00 730 
6 14:00 354 7 14:00 536 8 14:00 194 9 14:00 420 10 14:00 659 
6 15:00 249 7 15:00 435 8 15:00 153 9 15:00 332 10 15:00 521 
6 16:00 218 7 16:00 268 8 16:00 96 9 16:00 237 10 16:00 329 
6 17:00 88 7 17:00 89 8 17:00 33 9 17:00 90 10 17:00 115 
6 18:00 3 7 18:00 3 8 18:00 1 9 18:00 3 10 18:00 4 
6 19:00 0 7 19:00 0 8 19:00 0 9 19:00 0 10 19:00 0 
6 20:00 0 7 20:00 0 8 20:00 0 9 20:00 0 10 20:00 0 
6 21:00 0 7 21:00 0 8 21:00 0 9 21:00 0 10 21:00 0 
6 22:00 0 7 22:00 0 8 22:00 0 9 22:00 0 10 22:00 0 
6 23:00 0 7 23:00 0 8 23:00 0 9 23:00 0 10 23:00 0 
6 24:00 0 7 24:00 0 8 24:00 0 9 24:00 0 10 24:00 0 
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Ja
nu
ar
y 
Day HH:MM 
GloHorzR
ad 
{Wh/m2} 
Day HH:MM 
GloHorzR
ad  
{Wh/m2} 
Day HH:MM 
GloHorzR
ad 
{Wh/m2} 
Day HH:MM 
GloHorzR
ad 
{Wh/m2} 
Day HH:MM 
GloHorzR
ad  
{Wh/m2} 
11 1:00 0 12 1:00 0 13 1:00 0 14 1:00 0 15 1:00 0 
11 2:00 0 12 2:00 0 13 2:00 0 14 2:00 0 15 2:00 0 
11 3:00 0 12 3:00 0 13 3:00 0 14 3:00 0 15 3:00 0 
11 4:00 0 12 4:00 0 13 4:00 0 14 4:00 0 15 4:00 0 
11 5:00 0 12 5:00 0 13 5:00 0 14 5:00 0 15 5:00 0 
11 6:00 0 12 6:00 0 13 6:00 0 14 6:00 0 15 6:00 0 
11 7:00 5 12 7:00 4 13 7:00 4 14 7:00 5 15 7:00 4 
11 8:00 112 12 8:00 99 13 8:00 86 14 8:00 119 15 8:00 109 
11 9:00 285 12 9:00 255 13 9:00 213 14 9:00 334 15 9:00 313 
11 10:00 419 12 10:00 361 13 10:00 338 14 10:00 527 15 10:00 471 
11 11:00 483 12 11:00 396 13 11:00 429 14 11:00 668 15 11:00 561 
11 12:00 472 12 12:00 361 13 12:00 478 14 12:00 744 15 12:00 573 
11 13:00 473 12 13:00 439 13 13:00 511 14 13:00 746 15 13:00 547 
11 14:00 426 12 14:00 458 13 14:00 490 14 14:00 675 15 14:00 467 
11 15:00 336 12 15:00 404 13 15:00 409 14 15:00 538 15 15:00 347 
11 16:00 214 12 16:00 244 13 16:00 310 14 16:00 344 15 16:00 223 
11 17:00 76 12 17:00 83 13 17:00 122 14 17:00 127 15 17:00 84 
11 18:00 3 12 18:00 3 13 18:00 5 14 18:00 6 15 18:00 4 
11 19:00 0 12 19:00 0 13 19:00 0 14 19:00 0 15 19:00 0 
11 20:00 0 12 20:00 0 13 20:00 0 14 20:00 0 15 20:00 0 
11 21:00 0 12 21:00 0 13 21:00 0 14 21:00 0 15 21:00 0 
11 22:00 0 12 22:00 0 13 22:00 0 14 22:00 0 15 22:00 0 
11 23:00 0 12 23:00 0 13 23:00 0 14 23:00 0 15 23:00 0 
11 24:00 0 12 24:00 0 13 24:00 0 14 24:00 0 15 24:00 0 
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3.4 Weather File Generation 
 
A typical Meteorological data for Dhahran, Riyadh, and Jeddah were 
generated using interpolation model. The model assumes that the amplitude of the 
temperature variation during daytime is approximately proportional to the amplitude 
of the daily global radiation profile. Thus the temperature profile is calculated by 
transforming the radiation profile. The model consists mainly of three parts: 
- The stochastic generation of daily values, based on monthly temperature and 
daily radiation values and measured temperature distributions. 
- The calculation of daily minimum and maximum temperatures, based on daily 
temperature values and daily and monthly radiation values. 
- The generation of hourly values, based on daily minimum and maximum 
temperature values and hourly radiation values. 
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CHAPTER 4 
CALCULATION METHODOLOGY 
Estimation of required indoor conditioning for a zone is called load 
calculation. The calculation gives details about capacity and airflow of required 
system by studying the thermal characteristics of the building and design criteria.  
Load calculation consists of heating load and cooling load. Calculating the loads of 
heating is easier due to relatively stable heat transfer in a winter. That is, sun 
exposure, and equipment heat gains do not count during heat load study. However, 
this is not the situation for cooling load calculation.  
 Cooling load calculations shall consider first the type of air conditioning 
system, occupancy, and control type. Block load shall be used to better determine the 
load calculation. The block load combines the cooling loads data in hourly basis, it 
gives also the variations caused by temperature rise of HVAC system components. As 
some of those load vary upon different times, block calculations gives more accurate 
results about the peak time.  
 There are several methods for calculation of load calculations. Each method 
has its own positives and negatives. In general, simplicity of the package will violate 
the accuracy and vice versa.  
Through experiments and calculations, it is obvious that both simple and 
complex cooling load calculation methods seem to have similar results in terms of 
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accuracy, especially if the uncertainties in input data are high. These uncertainties are 
indeed high due to many reasons such as unpredictability of occupancy, human 
behavior, outdoors weather variations, lack of and variation in heat gain data for 
modem equipment, and introduction of new building products and HVAC equipment 
with unknown characteristics. 
Improving the methods of calculating solar and conduction heat gains is not 
the only way to reduce uncertainties. Internal heat gains should also be taken into 
consideration. This can be found in many handbooks including estimations of heat 
gain coming from internal sources like people, lighting, and equipment. It is worth 
pointing that these handbooks are not 100% reliable because they are incomplete. 
Many types of equipment like home appliances are not mentioned in load calculations 
reference tables which are left for the designer to interpret and assume depending on 
some aspects such as how often the equipment is used. Its heat gain can be estimated 
as a result of these interpretations. This shows that accuracy, uncertainties in the input 
data are as much important and effective as the heat gain calculation method (simple 
vs. complex) used. 
  There are four standard methods to calculate heat load which are:  
1. The Admittance Method (CIBSE 1986)  
2. CLTD/SCL/CLF (ASHRAE 1997)  
3. The Heat Balance Method (ASHRAE 2001)  
4. The Radiant Time Series (ASHRAE 2001)  
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These methods depend on hourly calculation of the cooling load. They are dealing 
with the sensible heat load and latent heat. The main source of latent heat is people 
whose heat gains have two components: sensible and latent. The total values and 
proportions of sensible and latent heat vary depending on the level of activity, gender 
and age. Those values can be found in HVAC reference tables. 
The method that will be used in this study to develop the required load calculation 
analysis is CLTD/SCL/CLF. It is simple and accurate in heating and cooling load 
calculations. 
4.1 CLTD/SCL/CLF METHOD (Cooling load temperature difference 
/solar cooling load factor/cooling load factor) 
To do simulation for any building, correct data should be provided to increase 
the accuracy of the results. This becomes dull with time especially when using the 
Transfer Function Method which was first introduced in 1967 and considered by 
ASHRAE as the fundamental methodology of peak cooling load calculation. 
Two types of factors let us find the Transfer Function of a system: the 
conduction transfer factors (CTF) and the weighting factors (WF). The CTF refer to 
the heat flux at the inside wall, roof, partition, ceiling or floor as a function of 
previous values of the heat flux and previous values of inside and outside 
temperatures. The WF is used to translate the zone heat gain into cooling loads. In 
1975, a new method was developed by ASHRAE derived from Transfer Function 
method. This method is the cooling load temperature difference/cooling load factor 
CLTD/CLF which depends on tabulated data. Since then, there were many revisions 
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for this method to increase the amount and accuracy of the tabulated data by including 
and solving approximation and limitation problems. A revised method of CLTD/CLF 
was the cooling load temperature difference/solar cooling load/cooling load factor 
(CLTD/SCL/CLF) method which came as a result of the revisions CLTD/CLF method 
revisions. It is a simplified method that was published by ASHRAE between 1993 and 
1997. 
 
Main Features 
Zone air temperature is assumed constant. 
TFM is used to calculate the three factors used in this method which are: 
CLTD/SCL/CLF. These factors are used to deal with the conduction heat gains 
(CLTD), solar heat gains (SCL), and internal gains (CLF). 
Assumptions 
Zone air temperature is taken as a constant 
Sol-air temperature is assumed for the outside air  
Methodology 
This method includes the effects of time-lag in conductive heat gain through 
opaque exterior surfaces, and time delay by thermal storage in converting radiant heat 
gain to cooling load which are included in CLTD, SCL, and CLF used by the method. 
Weighing factors and conduction transfer coefficients are used to generate data for 
cooling loads of standard environmental conditions and zone types. With simple 
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multiplication, the cooling loads can be calculated for each hour based on 
normalization of specific zone conditions. Also, hourly air temperature values are 
tabulated in ASHRAE references with standard surface absorption factor for dark and 
light color surfaces. The accuracy of this method is very close to the TFM method. 
Especially when applied for buildings that external shading is not significant.  
Advantages 
Some of the advantages of using this method are: 
• The method is simpler than the RTS method. 
• Using a computer program to generate a set of tables for a specific 
zone, latitude and month increases the accuracy of the method. 
• Using ample available printed tables covering most common 
constructions accounts for more accurate zone response.  
Disadvantages 
The disadvantages of using this method can be summarized as: 
• One source of errors is adjusting wall or roof which is not matching 
one of the listed groups. 
• Correcting for other months and latitude is not accurate. 
Walls, roof and floor 
The conduction equation qcond = U A CLTD is used to calculate the cooling 
load. The heat gain is calculated by using the sol-air temperature. Hourly CLTD 
values for latitude are tabulated in ASHRAE References for outdoor maximum 
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temperature of 35°C with mean temperature of 29.5°C and daily range of 11.6°C. An 
adjustment equation is indicated to correct for conditions other than the mentioned 
base case.  
    As a result, load Calculation Program will be developed using CLTD/SCL/CLF 
method referring to local area weather conditions and all design factors. 
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CHAPTER 5 
PARAMETERS DEFINITION 
 
    This Chapter briefly introduces the basic principles of the building energy 
simulation and explains its relationship with air-conditioning load and energy 
calculations. Based on improved understanding of this subject, the technique of 
building energy simulation can be utilized to analyze air-conditioning design so as to 
achieve a better and more energy efficient building design.  
 
5.1 Air Conditioning Load and Energy Calculation 
 
Air-conditioning load calculation is the fundamental of building energy 
simulation and is considered to be the first step to be considered in building energy 
consumption. Air-conditioning load calculation is the design load estimation for an 
air-conditioning system. Based on design criteria and thermal properties of the 
building, the cooling, heating, latent and fresh air loads of the building can be 
estimated to determine the design flow rate and capacity of the air-conditioning 
system and its equipment. Air conditioning load is normally divided into heating load 
and cooling load. The calculation of heating load is usually more straightforward 
because the heat transfer in a room in winter is relatively stable. During the cold 
weather period, the room may not receive sunshine. Therefore, the heat gains from the 
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sun, occupancies, lighting and equipment are usually not considered in the estimation 
of peak heating load. Thus, a steady-state calculation method is usually enough for 
computing heating load. However, for cooling load calculation, the complex effect of 
heat transfer, solar radiation and heat storage has to be considered and this makes the 
calculation complicated. Because some of the loads may vary during the 24 hours 
period in a day, it is necessary to calculate for each hour and see which one will give 
the largest block load. The amount of the load may also be affected by the running 
period of the air-conditioning installation. For intermittently operated air-conditioning 
systems, load calculation should consider the effect between pre-cooling/pre-heating 
and the storage of heat [24].  
Energy calculation programs are used to estimate the annual energy 
consumption of buildings. They also lead to improving building design by providing 
energy and economic analysis of the building. There are many methods for estimating 
building energy consumption and in general they can be divided into two categories. 
These are steady-state methods and dynamic methods. Steady-state methods, such as 
effective heat transfer method, degree day method, bin method, temperature frequency 
method and full load coefficient method, are relatively simple to use, but they cannot 
provide information about the variation of energy consumption with the time and do 
not consider the effect of thermal storage in the building structure. Dynamic methods 
can give more details and will usually require hourly calculations over the whole year 
for the analysis of annual load and energy consumption.  
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The calculation of energy consumption is similar to that of the thermal loads. 
The values of hourly air conditioning loads throughout the year are the basis for 
dynamic energy calculation and analysis. The conditions during part load are often a 
key to energy efficiency of the system. The major difference between load and energy 
calculation is that energy calculation is based on average climatic conditions and 
building usage whereas load calculation uses extreme climatic conditions and usage 
for its estimation.  
After the hourly load calculations of the rooms, the energy consumption of the 
air-conditioning system can be determined. The space heat extraction is the cause of 
the air-conditioning energy consumption. The next step of the energy calculation is to 
estimate the annual energy consumption (such as electricity) of the air-side and water-
side systems. Then, the annual energy and fuel consumption of the air-conditioning 
plant will be determined. Finally, economic analysis is carried out according to the 
local energy prices of the fuels.  
 
5.2 Building Energy Simulation 
 
Within the simulation system there are four major models, namely: building 
model, air-conditioning system model, air-conditioning plant model and control 
system model. Building energy simulation by definition is the use of computer 
simulation methods for the analysis of energy efficiency and building loads. It 
includes air-conditioning and other building installations such as lighting and 
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electrical systems. Two main elements are considered, those are the basic information 
and simulation tools are summarized in the following subsection. 
 
The information that building energy simulation requires is basically the same 
as energy calculation. Before carrying out the simulation, information about the local 
climatic criteria, building design, air conditioning system and control method must be 
collected. The local outdoor climatic conditions over a year are important pieces of 
information and it is better to have the hourly values of the climatic data. Building 
energy simulation usually requires 10 to 13 sets of weather parameters including solar 
radiation, temperature, humidity, wind speed, wind direction, cloud amount and 
atmospheric pressure. This data is often recorded in a typical year [24]. “The dynamic 
simulation of building energy consumption focuses on the hourly variations of the 
outdoor climatic conditions and the indoor design criteria about temperature and 
humidity. The air-conditioning loads and energy consumption for 8760 hours in a year 
or for several years are determined. Beside the part-load energy consumption, the 
maximum load over the years is also included.” [24]  
Basic Information 
Simulation tools are the computer software and programs used for the energy 
calculation. At present there are many different types of simulation software; each of 
them has its own characteristics and they are also developing continuously. Some 
simulation tools are sophisticated and complicated and are usually used for research 
Simulation Tools 
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purpose in the past, such as DOE-2, BLAST and EnergyPlus. In recent years, with the 
fast development of computing technology, they are beginning to be noticed by 
average building designers. On the other hand, there are some simulation tools 
developed by commercial companies and they are easier to use and have integrated 
design load calculation within their package, for example, HAP, TRACE 700 and 
elite. These programs are more widely accepted by engineers but the calculation 
process is usually simplified and their commercial background may also affect the 
independence of the tools. 
Because building structure has thermal storage characteristics, if the load 
calculation is carried out hourly, normally there should be no problem with the 
stability of the thermal system. At present, a quasi-steady state simulation method is 
usually employed for air-conditioning system and plant and it is assumed that within 
an hour the system should be stable enough and the change will occur only between 
the hours. This is usually valid for the calculation of general cases. 
5.3 Simulation model for Load and Energy calculation 
 
 
Cooling Load Temperature Difference (CLTD) Solar Cooling Load, and Cooling 
Load Factor (CLF) in Brief 
The cooling load equations can be found in many references such as ASHRAE 
(1995). These equations are summarized in the following. According to Bhatia (2012) 
the cooling loads may be classified by sources as follows: 
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1. Heat transfer (gain) through skin by conduction, as a result of the outdoor-
indoor temperature difference. 
2. Solar heat gains (radiation) through glass or other transparent materials. 
3. Heat gains from ventilation air and/or infiltration of outside air. 
4. Internal heat gains generated by occupants, lights and appliances. 
 
The following is a summary of the equations required for these calculations 
(ASHRAE Handbook, fundamentals, 1997): 
For common building construction, the space cooling load calculation is based 
on: 
           s tQ (t) = UA * CLTD                          (1) 
Where  A = Area of the Building component 
 U = Overall heat transfer coefficient of the Building component 
CLTDt = Known as the cooling load temperature difference which is tabulated 
as a function of time which are designed for fixed conditions of outdoor/indoor 
temperatures, latitudes, etc.  
Cooling Load Factor is defined as (CLF)  
s
i
QCLF
Q
=               (2) 
Where  Qs = Space Sensible Load 
 Qi = Internal Load 
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Individual Component of Cooling Loads using CLTD/SCL/CLF Method 
The following equations were presented in a very good way 
in www.scribd.com (2010) so will be quoted in this study with slight modifications. 
The cooling loads for individual components are given as ASHRAE (1995): 
A. Roof  
( )*Roof Roof CQ UA CLTD=               (3) 
Steps: 
1. Determine Roof Construction and Overall Heat Transfer Coefficient 
(ASHRAE Chapter 24) 
2. Select Roof no. from ASHRAE Table 31 which is closest to matching actual 
roof construction. 
3. Go to ASHRAE Table 30 and select CLTDRoof for time of interest (typically 
on an hourly basis) 
4. Corrections:  
Values on Table are for 4 latitudes on July or August indoor temperature of 
78°f outdoor max temperature of 95°f with mean daily temperature of 85°f 
and daily range of 21f  
Additional guidance for specific applications and tables for various 
latitudes can be found in Mcquiston and Spitler (1992) 
 
( ) ( )( ) 78 85Roof C Roof R MCLTD CLTD T T = + − + −             (4) 
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Where ( )78 RT− = Indoor Design Temperature Correction 
 ( )85MT − = Outdoor Design Temperature Correction 
 TM (Mean Outdoor Temperature = 2Max
DailyRangeT  −  
 
 
 TMax = Maximum Outdoor Temperature 
5. Calculate Area from Plan 
6. ( )*Roof Roof CQ UA CLTD=  
B. Walls 
( )*Wall Wall CQ UA CLTD=               (5) 
Steps: 
1. Determine Wall Construction and Overall Heat Transfer Coefficient 
(ASHRAE Chapter 24) 
2. Select Wall Type from ASHRAE Table 33 which is closest to matching actual 
roof construction. Pay attention to effect of mass distribution (inside 
insulation, outside insulation or evenly distributed) 
3. Select CLTDWall from ASHRAE Table 32 and for time of interest (typically on 
an hourly basis) 
4. Corrections:  
Values on Table are for 4 latitudes on July or August indoor temperature of 
78°f outdoor max temperature of 95°f with mean daily temperature of 85°f 
and daily range of 21f  
Additional guidance for specific applications and tables for various 
latitudes can be found in Mcquiston and Spitler (992). 
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( ) ( )( ) 78 85Wall C Wall R MCLTD CLTD T T = + − + −             (6) 
Where ( )78 RT− = Indoor Design Temperature Correction 
 ( )85MT − = Outdoor Design Temperature Correction 
 TM (Mean Outdoor Temperature = 2Max
DailyRangeT  −  
 
 
 TMax = Maximum Outdoor Temperature 
5. Calculate Area from Plan 
6. ( )*Wall Wall CQ UA CLTD=  
 
C. Window or Glass 
Two Components 
1. Conductive: ( ) ( )*Win Con Win ConQ UA CLTD=                (7) 
2. Solar:   ( ) * *Win SolQ A SC SCL=                        (8) 
 
Conduction Steps: 
1. Determine U Value 
2. Select CLTDWin from ASHRAE Table 34 for time of interest (typically on an 
hourly basis) 
3. Corrections:  
( ) ( )( ) 78 85Win C Win R MCLTD CLTD T T = + − + −      (9) 
Where ( )78 RT− = Indoor Design Temperature Correction 
 ( )85MT − = Outdoor Design Temperature Correction 
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 TM (Mean Outdoor Temperature = 2Max
DailyRangeT  −  
 
 
 TMax = Maximum Outdoor Temperature 
4. Calculate Area from Plan 
5. ( ) ( )*Win Con Win ConQ UA CLTD=  
 
Conduction Steps: 
1. Determine shading coefficient (SC) from ASHRAE Tables 15 to 21 (Chapter 
29) 
2. Determine zone type from ASHRAE Table 35B B, C, D and E. 
3. Determine solar cooling load (SCL) from ASHRAE Table 36. 
4. Calculate Area from Plan 
5. ( ) * *Win SolQ A SC SCL=  
 
D. Lights 
( ) ( ) ( ) ( )* * *LightQ TLW UF SAF CLF=              (10) 
Where  TLW = Total Light Wattage  
UF = Use Factor – Fraction of Lights in Use  
SAF = Special Allowance (Ballast) Factor – Allowance Factor to Account for 
Ballast Losses (Fluorescent ~ 1.2)  
        CLF = Cooling Load Factor 
Steps: 
1. Determine Total Wattage (Electrical Plans)  
2. Determine Use Factor (Building Usage)  
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3. Determine Special Allowance Factor (Incandescent – 1.0, Fluorescent = 1.2) 
4. Use ASHRAE Table 35 A & B to determine zone type classification of lights. 
5. Use ASHRAE Table 38 to determine zone time, time and number of hours of 
operation of lights to determine CLF 
6. ( ) ( ) ( ) ( )* * *LightQ TWL UF SAF CLF=  
 
 
E. People 
( ) *People LatentQ N LGH=             (11) 
( )
( )
( )
2545* * *
2545* * *
12545* * * *
* *
*
L
Equipment Sensible LM UM
M
Equipment Sensible LM UM
LM
Equipment Sensible LM UM
M
RA
EQA l UA
L
EQA l
EQ
PQ F F
E
Q P F F
EQ P F F
E
FQ Q F
F
Q Q F
Q LHG
 
=  
 
=
 −
=  
 
 
=  
 
=
=
         (12) 
 
Where  N = Number of people in the conditioned space  
SHG = Sensible heat gain per person 
LHG = Latent heat gain per person 
CLF for people is a function of 
(i) The time people spending in the conditioned space, and 
(ii) The time elapsed since first entering. 
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(iii) CLF is equal to 1 if the space temperature is not maintained constant 
during the 24-hour period 
Latent Load Steps: 
1. Estimate Number of People (N), (Building Usage) 
2. Use ASHRAE Table 3 to determine Latent Heat Gain per Person (LHG) 
 
Sensible Load Steps: 
1. Estimate Number of People (N), (Building Usage) 
2. Use ASHRAE Table 3 to determine Sensible Heat Gain per Person (SHG) 
3. Use ASHRAE Table 35 A & B to determine Zone Type 
4. Use ASHRAE Table 37 to determine CLF for the given zone type 
 
 
F. Equipment 
Sensible Heat Gain (SHG): Equipment operated by motors 
Placement: Both motor and equipment are placed inside the conditioned space 
( ) 2545* * *Equipment M LM UM
M
PQ F F
E
 
=  
 
          (13) 
Placement: Motor is outside the conditioned space or air-stream while the equipment 
is placed inside 
( ) 2545* * *Equipment M LM UMQ P F F=            (14) 
Placement: Motor is inside the conditioned space or air-stream while the equipment is 
placed outside 
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( )
12545* * * *LMEquipment M LM UM
M
EQ P F F
E
 −
=  
 
         (15) 
Where ( )Equipment MQ =Sensible Heat Gain in BTU/hr 
Equipment (Sensible) Steps: 
1. Determine motor horsepower rating of equipment (P) 
2. Determine efficiency of the motor (EM) 
3. Determine fraction of time during which equipment is in operation. This will 
be the motor use factor (FUM) 
4. Determine fraction of the rated power used when equipment is in operation. 
This will be the motor load factor (FLM) 
5. Determine placement of equipment (architectural and mechanical design 
plans). 
6. Use appropriate equation above depending on the equipment placement to 
calculate the sensible heat gain. 
 
 
 
Appliances (Primarily for Cooking Appliances) 
* * RAEQA l UA
L
FQ Q F
F
 
=  
 
             (16) 
*EQA lQ Q F=                (17) 
Steps: 
1. Determine energy source for the appliance category 1: electric or steam 
category 2: fuel fired 
2. Determine heat rating of the appliance from nameplate, manufacturer's 
catalogue for restaurant equipment 
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3. Determine usage factor (FUA) which is taken as 50% if information is 
incomplete. 
4. Determine radiation factor (FRA) or 32% if information is incomplete. 
5. Use appropriate equation from above with 
a. FFL= 1 and F=0.16 for Category 1 
b. FFL= 1.6 and F=0.1 for Category 1 
For Restaurants heat addition per meal served is 50 BTU/hr of which 75% is sensible 
and 25% is latent. 
For Hospital and Laboratory Equipment Refer to Chapter 13 from ASHRAE 
Applications. 
Instantaneous Latent Gain from Equipment: 
( )EQ LQ LHG=               (18) 
( ) *EQ SQ SHG CLF=               (19) 
Steps: 
1. Determine sensible heat gain according to procedure outlined above 
2. Determine zone type from ASHRAE 35 A & B 
3. Determine cooling load factor (CLF) from ASHRAE Tables. 
 
G. Ventilation/Infiltration 
Sensible:  
( )( ) 1.10* *= −INF S O iQ Q T T              (20) 
Latent 
( )( ) 4840* * ω ω= −INF L O iQ Q                         
(21) 
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Total 
( )( ) 4.5* *= −INF L O iQ Q h h             (22) 
Where Q = Infiltration Rate in CFM 
 O = Outdoor Conditions 
 i = Indoor Conditions 
 h= Moist Air Enthalpy in BTU/lbm 
 ω  = Humidity Ratio 
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CHAPTER 6    
                   PROBLEM FORMULATION 
 
In this chapter development of the Al-Rashid Residence model is presented. This 
chapter basically deals with modeling and simulation of the base model building to 
analyze its energy and thermal Performance. 
 
6.1 Building Description 
The used base model represents a typical commercial building. Al-Rashid Residence 
was selected as a model for performing the necessary simulations, because of the 
following reasons: 
- Al-Rashid Building is Located in area having hot and humid condition were bulk 
of energy is consumed for maintaining indoor thermal comfort condition. 
- It has simple geometric design, which leads to simple modeling.  
- It is a medium-size commercial building which includes different types of 
occupancies i.e. hyper market and residential floors. 
- It was easy to get hourly energy consumption data recorded by Data Acquisition 
Systems for yearly record. Refer to Appendix A.  
 
Al-Rashid Residence and Hyper Market in Khobar was constructed in 2006. Based on 
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the review of the building drawings, it was easy to define geometry of the building in 
Energy Plus simulation software.  
The building has court yard shaped areas for first and second floors and rectangular 
shape for ground floor. The exterior walls are light-colored building. The building 
windows are double glazed type 8-mm and 8-mm glazing. Almost all the building 
floor is made of ceramic tile finishing. The details of the building envelope 
characteristics are summarized in Table 8.  
Table 8: Characteristics of the Base Case 
Characteristic Description 
Location  Khobar, Saudi Arabia 
Type of Building  Three floors + three Car Parking Basements  
Plan Shape  Court Yard Shape for first and second floors. Rectangular shape for Ground floor 
Total Height  14.7 m  
Gross Floor Area  41,016 m2  
Gross Wall Area  9937.2 m2  
Window Area  1350.03 m2  
Window to Wall 
Ratio 13.59%  
Type of Glazing  Single Pane, Single Clear /  Tinted 8-mm, (U) = 5.6 W/m² K  
External Walls  Precast concrete 200-mm, thickness U-value = 5.1 W/m² K 
Internal core wall  19-mm plaster , 200-mm medium weight concrete and 19mm plaster 
U-value = 1.930 W/m² K  
Roof  Gravel, Roof Wood Framing W/R-49, Polyurethane expanded 50-
mm, Roof Wood Framing W/R-49, Roof Membrane, Heavy Weight 
un-dried aggregate 100-mm. (U) = 0.539 W/m² K  
Floor  Ceramic Tiles  
Lighting  Residential area 12.91 W/m2, Hyper Market 36.59 W/m2 
Equipment  It was assumed to be 2.7 W/m2 in Residential area and Hyper 
Market 
Operation Hours  Normal days during summer and winter: 08:00AM – 01: 00AM next 
day. Ramadan month: 10:00 A.M. – 3:00 A.M. next day for Hyper 
Market. 24 hour for residential apartments.   
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6.2 System Operation and System Type  
In order to calculate required load for this building, it is important to 
understand the building operation schedules and occupancy profile.  
The building is served by “residential type single-zone FCU (Fan Coil Units)” for 
apartments; “Ceiling Mounted AHU (Air Handling Units) units” are used for Hyper 
Market. Each unit has its own unit installed having individual thermostat control. All 
units are operated 24 hrs in-orders to maintain the required indoor conditions. 
Building Management System (BMS) is used to monitor, and if required, to bypass 
thermostat settings. Descriptions of the available HVAC system along with the set-
points adopted are presented in Table 9. 
 
Table 9: Characteristic of the HVAC Systems for the Base Case  
 
Type Of System  
Chilled Water Type FCU and AHU, Chilled water is supplied 
from DCS (District Cooling System) Plant near to the 
building 
Thermostat Type  Two Position control 
Thermostat Settings  20o C – 24o C  
Relative Humidity  40 % – 60 %  
Cooling Only  Available year round  
 
6.3 Case Study formulation and assumptions 
Developing a simulation base case model formulation process requires to result 
in similar energy consumption pattern and magnitude.  
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Construction materials properties can be presented since the existing data sets 
for this building were found from Architectural Drawings. However, detailed building 
surveys are usually very limited, and the available data are often inconsistent or 
incomplete for simulation needs. Certain assumptions are made to select and 
determine the necessary inputs for the reference building. 
In order to investigate the impact of HVAC operation on energy consumption 
and thermal comfort, the selected Building was modeled and simulated using different 
simulation programs: Energy Plus and Visual DOE for energy simulation and Elite for 
total cooling capacity demand. The simulation was performed using Dhahran station 
weather data taken from METEONORM program. The initial base case model was 
developed considering the following Assumptions: 
- Air-conditioning system is continuously operating for 24 hrs a day; DCS 
building is serving this building all the time. 
- For Simplicity, it is considered that each zone is served by single AHU. 
- The Thermostat setting was assumed constant all the year. Since periodic 
variation in thermostat was not assumed.  
- The exterior lighting was not considered in energy calculation. 
- Air Tight Building assumption is used, a constant Air Infiltration rate was 
assumed to be 0.2 ACH (Air Change per Hour). 
- The partition walls were assumed as adiabatic layers with no heat energy 
transfer between the different separated zones.  
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- In order to minimize deviation, reduce complexity, and to adhere to program 
limitation total number of zones per floor was reduced.  
When compared to actual data, the case model predicted annual consumption of 
cooling load by -6.45% from the DCS utility measured value which is very close to 
reality. 
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CHAPTER 7 
OBJECTIVES AND SOLUTION METHODOLOGY 
7.1 OBJECTIVES 
    As stated in chapter one the main objectives of this study are to: 
6- Determine the cooling load requirement for a commercial  building (Al-Rashid 
Residence and Hyper Market in Al-Khobar, Saudi Arabia)  
7- Carry out an energy analysis for the existing same building using different 
commercial HVAC packages. 
8- Compare between the actual and theoretical energy consumption for the 
existing building. 
9- Perform parametric study by changing input parameters. 
10- Propose alternative design and recommendations to reduce the energy 
consumption. 
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7.2 SOLUTION METHODOLOGY 
The Main Idea of this thesis is to build a general model that can be applied to any 
type of buildings. In this study, the Commercial Building that consists of Al-Rashid 
Residence and Hyper market was selected, In order to achieve above objectives, the 
following solution methodology was carried out: 
1- Gathering local weather data for the existing building location (Al-Khobar city 
in Saudi Arabia). 
2- Collecting information of construction material used in the existing building 
from different sources. 
3- Building a construction model for the existing model using AutoCAD 
program. 
4- Determine the peak cooling load requirement of the building using different 
load calculation software (e.g. Energy plus, DOE, Elite…etc) 
5- Conduct energy analysis to calculate the monthly energy consumption during 
one year and compare the calculation with the actual data gathered from the 
control room of the building and data loggers. 
6- Perform parametric Study to see impact of changing design input parameters. 
7- Propose alternative designs to reduce the energy consumption in the building 
and recommend these alternative designs to owner. 
Parametric study will be carried out in this section to determine the effects of 
changing design parameters on total energy consumption.   
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7.2.1 Determination of Peak cooling loads 
During design stage the cooling loads were estimated using specialized load 
calculation programs, (Energy Plus, DOE and Elite), results for total peak load 
capacities are listed in Table 10: 
                                Table 10: peak cooling load comparison 
Program used Peak Cooling Load kW 
Energy Plus 2887 
DOE 2590 
Elite 2768 
 
By defining the same input parameters in these programs the results were very 
close to each others. The variation in results is due to different methodology of 
calculation, at the end the results of Energy Plus calculation and measured values 
were in the range of ±10% which is acceptable in standard ASHRAE codes.  
 
7.2.2 Conducting Energy Analysis and Comparing Results with Actual 
Measurements 
Energy Plus and DOE are capable of providing Energy Analysis of the Building for 
a defined period of time, taking into consideration that all parameters are defined 
properly. Results and comparison to measured values are listed in table 11: 
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Table 11: Energy consumption comparison between measured values and energy 
simulation programs 
Months 
Energy Consumption kW-h 
Measured Energy Plus DOE 
January 236908 135672 428228 
February 246577 157947 415008 
March 402223 290293 526785 
April 562646 475639 558014 
May 727943 803339 680497 
June 917467 917877 688090 
July 1099081 1094901 738586 
August 1110553 1284374 719069 
September 991488 964849 662326 
October 830381 758606 633958 
November 509757 372743 512150 
December 364951 228116 465140 
Total 7999975 7484356 7027851 
% to Measured 93.55% 87.85% 
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Figure 7.1: Comparison of total energy consumption between measurement and energy 
calculation programs  
Figure 7 shows a comparison of total energy consumption between the measured data 
and the calculated data. The variation of results is due to the following reasons: 
- Energy calculation programs assume no diversity in occupants, whereas in 
reality this may change due to occupation of apartments and number of people 
in hypermarket. 
- Extraordinary weather conditions that may occur over the year. 
- Standard equipment heat dissipation is assumed. This can increase or decrease 
based on real equipment usage. 
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7.3 PARAMETRIC STUDY 
There are lot of parameters affecting the total load and hence Energy 
consumption of the building. These parameters can be divided into two types: system 
operation and construction material parameters. It is difficult to change construction 
material of existing building whereas it is much easier to adjust the system operation. 
In this study, the focus will be on system operation side and construction material as 
an effect of alternative design. Major parameters under study are: 
- Thermostat settings effect 
- Thermostat operation modes 
- Evaporator fan operating mode 
- Reducing infiltration rate.  
- Changing lighting type. 
The following subsections discuss changing these parameters. 
 
7.3.1 Thermostat settings effect 
The set-point from the BMS (Building Management System) is set to 24°C. In 
this building we have to distinguish between the hyper market and Apartments. 
Mainly this set-point is constant for the Hyper Market but occupants have the 
accessibility to adjust the room temperature to temperature less than 24°C by adjusting 
the thermostat. 
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On the other hand, a study of increasing the set-point to 24.5°C and reducing it to 23°C 
was done. Both results are tabulated below in table 12: 
 
Table 12: Effect of changing thermostat set points on total energy consumption in kW-h 
Month Base Model 
Set-point 
23 deg 
Set-point 
24.5 deg 
January 135672 178953 118537 
February 157947 201396 141015 
March 290293 347720 268069 
April 475639 538329 449412 
May 803339 872270 772367 
June 917877 986865 888152 
July 1094901 1182359 1057356 
August 1284374 1398088 1232073 
September 964849 1055039 925274 
October 758606 846034 722578 
November 372743 433125 347372 
December 228116 280446 207205 
Annual 
Consumption 7484356 8320625 7129412 
Difference %   112.6% 85.7% 
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Figure 7.2: Comparison of total energy consumption between measured data and 
different thermostat set-points  
 
Figure 7.2 shows that an increase in cooling energy consumption of about 13% is 
noted when decreasing the set-point by one degree Celsius. On the other hand, it is 
also noted that a saving of about 14% is noted when increasing temperature set-point 
by half degree Celsius. This adjustment can be done by BMS operator. It shows how 
important is this parameter, selecting the right set-point will have great influence on 
energy consumption. 
 
7.3.2 Thermostat operation Modes 
The operation modes or schedule is very important subject. Due to the building 
type, this study can be applied on hyper market only. The operation schedule for 
hyper market assumes that the market is operating from 8:00am to 01:00am next day. 
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Temperature range is proposed to be 30°C during closing period and 24°C during duty 
time. This schedule can also be extended. For example, turning off HVAC system half 
an hour before closing will lead to some saving in energy. Further investigation 
including varying temperature during operation period is also possible but this 
depends on operator, optimizing method. Table 13 is a comparison between design 
and operation mode. Figure 7.3 shows Comparison of total energy consumption 
between measured data and hyper market operation mode. 
Table 13: Comparison between base model and operation mode energy consumption in 
kW-h for Hyper Market Running under Operation mode. 
Month Base Model 
Hyper Market 
Operating 
Mode 
January 135672 142024 
February 157947 164148 
March 290293 297942 
April 475639 480471 
May 803339 798409 
June 917877 907023 
July 1094901 1074663 
August 1284374 1243642 
September 964849 942692 
October 758606 745745 
November 372743 378162 
December 228116 235499 
Annual 
Consumption 7484356 7410420 
Difference %   99.0% 
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Figure 7.3: Comparison of total energy consumption between measured data and hyper 
market operation mode.  
 
A difference of about 1% is noticed when operating system with different temperature 
set-points. This is due to the fact that the hyper market is not operating for seven 
hours. Further investigations can be done in this part to check influence of using 
programmable thermostats.   
 
7.3.3 Evaporator Fan Operating Mode 
The operation mode of evaporator fan motor is either On-Off mode or AUTO 
mode. The On-Off mode means that Fan motor will be always running when ON 
mode is selected and vice versa. Whereas AUTO mode is used to turn On and OFF the 
fan motor automatically depending on the need for cooling. In other words, the fan 
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motor will keep running until the set-point is achieved and a signal from thermostat is 
indicating that cooling requirement is achieved. In Table 14 a comparison between the 
AUTO and design base model.  Figure 7.4 shows the comparison of total energy 
consumption between measured data and FAN operation mode. 
Table 14: Energy Consumption in kW-h Comparison between base model and fan operating 
on AUTO mode operation mode. 
Month Base Model 
FAN 
operating on 
AUTO mode 
January 135672 168599 
February 157947 186591 
March 290293 307583 
April 475639 442363 
May 803339 667602 
June 917877 755283 
July 1094901 876488 
August 1284374 1059773 
September 964849 814782 
October 758606 667394 
November 372743 367316 
December 228116 253101 
Annual 
Consumption 7484356 6566876 
Difference %   92.1% 
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Figure 7.4: Comparison of total energy consumption between measured data and FAN 
operation mode. 
 
A reduction of total energy consumption of about 8% is noted when Evaporator Fan 
motor is set to AUTO. 
Basically, the parameters discussed in the previous sections are related to operation 
side, whereas parameters like changing appliances, lighting type...etc require some 
modifications in the building construction. It is important to refer to these parameters 
to be considered in future designs. 
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7.4.4 Reducing Infiltration Rate 
Infiltration is due to air leakage through door undercuts, window sealing and 
penetration holes openings. Usually infiltration value is set to be 0.2 ACH. We studied 
the effect of reducing this value to 0.1 ACH by adding door undercut mat and improve 
sealing around windows and wall openings. Table 15 shows the improvement 
achieved by reducing infiltration. Figure 7.5 shows the chart of this table. 
Table 15: Comparison of Energy Consumption in kW-h between Design and case of 
reducing Infiltration to 0.1 ACH.   
Month Base Model 
Infiltration from 
0.2 to 0.1 ACH 
January 135672 140633 
February 157947 162660 
March 290293 295583 
April 475639 476276 
May 803339 791461 
June 917877 901085 
July 1094901 1068881 
August 1284374 1247104 
September 964849 944839 
October 758606 749362 
November 372743 375831 
December 228116 233314 
Annual 
Consumption 7484356 7387030 
Difference %   99.7% 
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Figure 7.5: Comparison of total energy consumption between measured data and 
improving infiltration rate. 
It is clear that improving infiltration rate by reducing it to 0.1 ACH from 0.2 ACH has 
no great influence on the total energy consumption. It will be expensive to apply 
changes on an existing building; the cost of repair will be very high, whereas during 
construction of new building this will be much easier.   
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7.4.5 Reducing Lighting Power Consumption by changing light fixtures 
ANSI/ASHRAE/USGBC/IES Standard 90.1-2007 Table 9.5.1 recommends 
LPD (Lighting Power Density) of Hotels/ Apartments as 10.76 W/m2 and 16.15 W/m2 
for markets. Using these values in the energy plus leading to the following saving 
presented in Table 16: 
Table 16: Comparison of Energy Consumption in kW-h between base model and case of 
applying ASHRAE recommendations for LPD.  
Month Base Model 
LPD 
Change 
January 135672 65779 
February 157947 89352 
March 290293 202674 
April 475639 387042 
May 803339 709014 
June 917877 824096 
July 1094901 1003978 
August 1284374 1199180 
September 964849 872690 
October 758606 664215 
November 372743 281410 
December 228116 144294 
Annual 
Consumption 7484356 6443723 
Difference %   86.1% 
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Figure 7.6: Comparison of total energy consumption between measured data and 
changing lighting fixture.  
There is a great impact of reducing LPD values on the total cooling load requirements 
(see Figure 7.6). These values can be further reduced if separate zone is used, like 
different values for corridors, store room..etc. 
 
 
 
 
 
  
100000 
300000 
500000 
700000 
900000 
1100000 
1300000 
1 2 3 4 5 6 7 8 9 10 11 12 
En
er
gy
 C
on
su
m
pt
io
n 
(k
W
-h
 
Month 
Base Model 
LPD Change 
 73 
 
 
CHAPTER 8 
SYSTEM MODIFICATIONS 
In this chapter, effects of replacing existing devices with higher energy 
conservation types are studied; alternative designs in case of similar buildings being 
constructed in the future are introduced as well. These recommendations are stated in 
ASHRAE, LEED and USGBC to achieve the Green Building Concept.  
8.1 Changing Thermostat Type 
The purpose of any variable closed loop controller is to maintain the required 
set-point. Controllers are designed to act in the form of output signals to the controlled 
device. Two-way motorized valve are used in this case. The output signal is a function 
of the error signal, which is the difference between the control point and the set-point. 
The control mode is the type of action the controller takes. There are three basic 
modes of controllers; two-position, modulating and floating control. 
Major factor affecting the performance of a controller is the system gain. As 
shown in Table 17, the controller gain describes how much the controlled device will 
change for a given change in the controlled device and process plant.  
The following subsections describe the three basic modes of controllers. 
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Table 17: Controller Setting Comparison, Fasiuddin (2005) 
Controller Setting  Controller Gain  Control Action  
Open valve from zero to  Higher  Small change in measured variable  
100% for a 1OF change in   creates a big change in output. 1OF  
measured variable   causes controller to request 100%  
  valve opening  
Open valve from zero to  Lower  Large change in measured variable  
100% for a 5OF change in   required to create a significant  
measured variable   change in output. 1OF causes  
  controller to request only 20%  
  valve opening  
Two-Position Control  
Two-position control is the most common and simplest control mode. It applies 
to systems that have only two states, such as ON and OFF for a fan or pump, or fully 
open and fully closed for a valve. This is widely used in small HVAC systems used in 
most residences.  
 
Modulating Control 
“A proportional control response produces an analog or variable output change 
in proportion to a varying input. In this control response, there is a linear relationship 
between the input and the output. In a modulating control response, the change in the 
measured variable that causes the controlled device to move from fully closed to fully 
open is called the throttling range and this range is modulating usually a signal from 
1-10 is used to modulate this controller.” www.ddc-online.org , chapter two: control 
responses. 
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Floating Control 
Floating control is similar to two-position control but the system it controls is 
not limited to two stages. It differs in the way that system is having modulating-type 
controlled device, the valve is driven by a bi-directional actuator.  
Like two-position control, floating control has a set-point and a control differential. 
Some floating controllers have, instead, two set-point adjustments, an upper set-point 
and a lower set-point. The control differential is then the difference between the two 
set-points.  
 
In the Building under study, two position control type thermostat is used. It is 
the cheapest and the simplest. On the other hand, this type is not an energy efficient 
type. Further investigations are required to study the cost of replacing existing 
thermostats and control valve by new energy saving proportional type thermostats.  
 
8.2 Using high efficiency appliances 
In an attempt to reduce energy consumption, United States government created 
Energy Star in 1992 by the US Environmental Protection Agency. The aim of energy 
star is to help people selecting high efficiency equipment and applicances to reduce 
energy consumption and CO2 emission. It is good to refer to these items to be 
considered for the future renovation in the building. These appliances include: 
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Clothes Washers and Dryers, Air cleaners, water coolers, Residential boilers, Portable 
fans, Dehumidifiers, TV, DVD and Audio Devices, Computer, printers and 
Laptops..etc. 
 Kitchen appliances that include refrigerators and Freezers, Dishwashers, fryers, steam 
cookers, ice making machines...etc. Refer to ANSI/ASHRAE/USGBC/IES Standard 
189.1-2009 for further information about the required parameters.  
 
 
8.3 Applying Green Building Concepts 
During the last 15 years, the issue of energy conservation became very 
important. The need for trusted references to apply with no risk of undersized design 
or uncomfortable zones is important. This leads to the foundation of LEED 
(Leadership of energy and environmental design) and organization in USA. LEED is 
in close cooperation with USGBC (US Green Building Council),ASHRAE and other 
energy specialized organizations. Started in USA, ASHRAE has divided the country 
into seven climate zones Figure 7.7. Each having its own characteristics, the selection 
of construction material, fenestration area and type is shown in Table 19. 
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Figure 7.7: Climate zones of the USA, ANSI/ASHRAE/USGBC/IES Standard 90.1-
2007. 
 
Table 18 defines the climate zones. Al-Khobar lies in Climate Zone number 1(A) 
where the weather is very hot and humid.   
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Table 18: International Climate Zone Definition, ANSI/ASHRAE/USGBC/IES Standard 90.1-
2007 
 
 
The heating degree day measure was created by heating engineers. Heating degree day 
(HDD) and cooling degree day (CDD) are quantitative indices demonstrated to reflect 
demand for energy to heat or cool buildings.  
“The bases to terminate whether a specific day is a heating degree day or a cooling 
degree day is the daily average temperature TM (add the high and low temperatures 
and divide it by two). Each day with a mean temperature below 18°C is counted as 
one heating degree day. The cooling degree day is the summer counterpart of the 
heating degree day. Heating degree days are calculated over a period of time (typically 
a year) by adding up the differences between each day's mean daily temperature and 
the temperature of 18°C (or 65°F). For any temperature above 18°C the building is 
assumed not to need any heating. For example three winter days in a row with average 
temperatures of 4°C, -2°C and -4°C totals to 56 HDD. Accordingly, three summer 
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days of 26°C, 28°C, and 30°C totals to 30 CDD. ” http://www.weatheronline.co.uk, 
2012 
Unfortunately, no climate zone for Saudi Arabia is available; temperature zoning and 
rainfall water can be found as shown in Figure 7.8 and Figure7.9:    
 
Figure 7.8: Climate Map of Saudi Arabia showing the distribution of annual rainfall for 
a 50 year period (1950-2000) based on rain gauge observations. www.nar.ucar.edu , 2008  
 
 
 80 
 
 
Figure 7.9: Annual temperature distribution. www.bestcountryreports.com, 2012. 
 
Figure 7.8 shows the annual rainfall over 50 years period. The circles indicate the 
location radar observations winter study (November – May) in the central region and 
for the summer study in the southwestern region (June – September). Source: NCAR 
(National Center for atmospheric research). Whereas figure 7.9 is showing the annual 
temperature distribution in the kingdom. 
 
Further study is required to define the climate zones of Saudi Arabia, In general Saudi 
Arabia climate zones can be divided between climate zones 1, 2 and 3 (See  table 18). 
These three zones are the closest zones to the nature of weather in Saudi Arabia.  
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Table 19 defines the building requirements for Zone 1, regardless of location. The 
same values can be still used for different areas. Basically, these numbers resulted 
from several years of study and investigations of material properties and heat transfer 
response to different weather conditions. It is very important for any LEED certified 
designer or owner to follow up those figures or higher in order to achieve high 
standard building performance.  
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Table 19: Building Envelope requirements for Climate Zone 1 (A, B), ANSI/ASHRAE/IESNA 
Standard 90.1 table 5.5-1. 
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CHAPTER 9 
CONCLUSION AND RECOMMENDATIONS 
9.1 Summary and Conclusions  
The objective of this study, as stated earlier, is to determine the cooling load 
requirement for Al-Rashid Mall, a commercial building in Al-Khobar city, Saudi 
Arabia, by carrying out energy analysis using load calculation programs and 
comparing results with actual measurements and proposing alternative solutions to 
reduce energy consumption. The study has been carried out in different phases to 
achieve its objective. General literature review for available HVAC methodologies 
and equations was performed. Energy conservation in any building is mainly related 
to HVAC systems. Sixty to  seventy percent of total energy consumption is usually 
due to the used air conditioning system. Proper system design, maintenance and 
operations are basic parameters to achieve reduction in energy consumptions.      
In order to investigate properly the energy performance of Al-Rashid 
commercial and residential apartments in Khobar, Saudi Arabia, the required data to 
perform energy simulation, information regarding building characteristics and systems 
and weather data were collected.  
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The Building was modeled and simulated using Visual Energy Plus to 
investigate the building energy performance and explore potential energy savings with 
implementation of different parameters. The annual energy consumption obtained for 
the base model was compared with energy consumption obtained from DCS to find 
deviations. Initial results of the base case model presented a deviation close to 7 %.   
 
Five different types of HVAC operation strategies based on economic value 
were modeled to investigate their impact on total energy consumption of the building. 
The findings of the experiments on modeling these five types could be summarized as 
follows. 
1. The effect of changing thermostat settings was investigated. Initially the 
indoor temperature set-point was increased to 24.5
0
 C from original value of 
24
0
 C, though this modification produced substantial energy savings up to 
13%. Vise versa, 12% increment of energy consumption was noted when set-
point reduced to 23
0
 C. 
2. The effect of thermostat operation mode was tested. The difference was 
slightly less because this option can be applied for hypermarket for short 
period of time only.  
3. Changing fan motor settings to only work when cooling is needed has 
noticeable impact on reduction of energy consumption by about 8%. 
4. Reducing infiltration has no noticeable impact on energy conservation. 
5. Changing lighting fixtures to less energy consumption type has big impact on 
reducing energy consumption by about 14%. 
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It was also discussed in Chapter 7 the effect of system modifications, the thermostat 
type, high efficiency appliances and using green building concepts. 
 
9.2 Recommendations  
According to the study above, the recommendations to the client are: 
1- Adopting higher thermostat set-point were possible during unoccupied periods 
by raising thermostat set-point to 24.5 deg C is proved to be energy efficient 
by providing energy savings of 13 % annually. 
2- Further study and investigations are required to provide schedule of operation 
for night modes and holidays, especially for hypermarket area, these can affect 
greatly the annual energy consumption. 
3- Setting operation mode of FCU to AUTO will not affect thermal comfort of 
the area but it can reduce energy consumption by 8% annually.  
4- There is no need to invest more in the construction of this building since the 
building is air tight and negligible reduction in energy is achieved when 
infiltration rate is reduced.  
5- Replacing existing halogen lights with energy saving types will lead to 14% 
reduction of annual energy consumption.  
 
The following recommendations require system modification and investment 
and can be done when system renovation is needed. Further study is required to verify 
the cost and effects on annual energy consumption of these options. 
1- Replacing exhaust fans with Energy Exhaust Recovery Unit (EERU). 
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2-  Replacing Two-position thermostat (On/Off type) with modulating type will 
have influence on annual energy consumption. 
3- Using high efficiency appliances will have positive effect on power 
consumption and heat dissipation to space. 
4- It is important to apply international codes of LEED / ASHRAE during design 
stage and to apply local regulations especially in the field of construction 
material and insulation.  
 
This study was focused on a specific system of the building; this can be extended to 
remaining systems of electrical and mechanical systems. Contractors and designers are 
also recommended to advice their clients of newly invented technology in construction 
material and energy saving equipment. Designers should specify energy efficient material 
and equipment in their design. Convincing clients to invest higher capitals is not an easy 
task. In contracting field, the project’s owner is looking for the lowest offers in general. It 
is an attitude that needs changing. The more investment in energy conservation material 
and equipment is the more saving in the running cost, the more saving of earth resources 
and brighter future of new generations.    
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Rashid Building Energy consumption data collected from DCS building from May 2010 to April 2011 
Total Energy Consumption May 2010 
Date 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 TOTAL 
1-May 178 220 128 117 122 135 179 182 165 195 277 289 252 243 245 282 268 272 290 286 284 260 191 166 5225 
2-May 167 240 180 126 135 143 182 204 198 309 211 251 268 260 264 281 290 261 262 298 287 266 192 161 5436 
3-May 222 213 154 132 131 136 165 171 259 290 270 254 253 238 244 284 273 242 281 318 277 261 252 160 5478 
4-May 179 182 144 126 132 112 113 245 259 290 246 253 278 232 218 288 216 249 216 234 236 240 240 175 5105 
5-May 186 188 139 121 120 107 121 216 243 239 222 291 255 157 233 234 252 240 209 225 155 250 268 174 4845 
6-May 191 201 139 123 118 72 156 195 175 251 245 242 221 258 256 251 252 257 255 251 253 252 250 196 5060 
7-May 196 188 139 98 134 141 129 159 182 201 225 227 225 253 269 262 252 295 273 267 267 263 251 153 5049 
8-May 202 182 141 122 118 133 150 209 210 251 261 274 277 277 300 285 240 231 245 249 253 250 252 208 5318 
9-May 197 186 145 128 127 127 186 103 294 329 243 251 252 298 302 299 224 220 256 257 253 257 262 197 5393 
10-May 197 186 145 128 127 127 186 103 294 329 243 251 252 298 302 299 224 220 256 257 253 257 262 197 5393 
11-May 197 186 145 128 127 127 186 103 294 329 243 251 252 298 302 299 224 220 256 257 253 257 262 197 5393 
12-May 217 147 100 108 124 75 193 253 230 268 357 373 266 283 289 296 388 391 354 362 352 375 353 194 6350 
13-May 233 231 188 177 178 226 105 305 310 269 384 371 328 351 406 351 339 371 365 360 353 354 336 202 7089 
14-May 245 234 188 166 170 162 168 241 267 289 268 271 364 328 282 294 354 377 350 349 352 351 325 221 6615 
15-May 250 217 172 166 163 167 212 264 247 350 314 296 378 323 274 308 352 363 355 350 346 343 322 221 6752 
16-May 250 217 172 166 163 167 212 264 247 350 314 296 378 323 274 308 352 363 355 350 346 343 322 221 6752 
17-May 224 225 176 170 154 129 205 288 336 319 382 382 324 337 349 349 416 386 378 388 384 390 366 255 7315 
18-May 269 273 199 183 142 145 275 319 360 343 368 367 374 342 353 358 427 403 388 390 389 399 376 345 7786 
19-May 260 262 195 181 177 242 193 311 353 347 433 368 376 325 333 407 410 366 410 404 404 399 375 267 7795 
20-May 271 273 204 187 181 186 182 322 407 381 402 402 358 359 416 417 395 414 394 390 402 407 387 294 8031 
21-May 348 298 212 187 193 199 223 296 349 356 353 298 461 257 427 432 437 427 422 422 415 396 384 300 8092 
22-May 292 253 197 187 189 202 238 311 327 402 340 423 420 341 396 470 374 414 395 395 393 387 357 283 7987 
23-May 276 259 198 179 193 187 226 268 350 362 374 436 353 385 372 414 407 357 366 361 364 364 344 265 7661 
24-May 267 250 194 193 194 233 240 245 284 324 357 346 321 331 333 412 369 386 368 370 378 381 354 273 7402 
25-May 257 238 206 202 201 251 237 268 297 387 419 387 399 278 370 407 411 370 377 365 365 356 339 257 7641 
26-May 257 227 200 237 231 248 238 258 317 412 388 363 375 397 375 375 366 359 360 358 352 346 344 248 7631 
27-May 275 258 216 223 229 224 225 254 295 321 344 361 358 365 376 370 379 372 372 369 360 357 365 266 7532 
28-May 270 241 209 198 197 206 217 298 307 314 318 365 404 379 374 375 404 393 389 385 383 376 365 285 7650 
29-May 277 254 235 209 188 198 226 238 262 295 335 391 357 349 362 367 341 381 377 414 402 398 399 379 7636 
30-May 303 272 216 206 204 220 269 272 356 410 379 370 414 410 342 392 386 401 401 397 401 397 376 252 8048 
31-May 296 246 247 201 211 221 215 258 337 333 339 338 389 338 344 383 373 361 366 372 365 356 354 274 7517 
Total (Refrigeration ton) 206978 
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Total Energy Consumption June 2010 
Date 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 TOTAL 
1-Jun 237 210 172 145 179 186 244 231 251 273 262 310 310 274 278 285 308 297 299 298 300 298 284 206 6136 
2-Jun 234 208 172 159 164 156 214 202 298 281 308 285 298 297 283 263 354 340 336 327 259 324 324 271 6357 
3-Jun 264 246 185 167 164 178 201 252 284 319 336 357 343 344 366 355 363 372 357 376 312 365 383 376 7264 
4-Jun 258 281 219 183 172 182 178 264 289 274 266 259 271 367 357 356 338 347 350 363 359 371 373 256 6931 
5-Jun 247 218 177 164 167 169 169 269 295 280 382 291 305 321 325 316 304 307 329 337 341 334 361 262 6669 
6-Jun 263 242 192 192 190 190 230 326 331 321 349 335 332 338 368 412 332 374 368 369 368 358 312 304 7397 
7-Jun 221 245 193 164 177 180 178 258 332 422 525 312 354 310 263 335 691 483 486 494 494 502 502 344 8467 
8-Jun 347 326 252 245 247 246 267 429 477 437 438 403 421 441 438 449 443 441 438 434 437 434 431 303 9223 
9-Jun 300 277 225 206 204 207 214 230 335 377 389 409 401 392 392 399 412 415 411 411 410 413 414 323 8164 
10-Jun 277 272 226 211 194 205 222 376 355 392 421 418 391 411 424 417 415 422 431 436 441 443 446 322 8569 
11-Jun 288 282 255 195 209 219 223 294 339 372 348 315 416 422 380 387 444 455 457 461 468 474 465 348 8515 
12-Jun 303 297 218 196 199 185 158 375 414 432 396 422 398 399 400 416 395 463 449 450 459 451 441 337 8653 
13-Jun 323 304 245 185 175 209 175 223 383 390 365 368 391 394 390 387 419 417 434 435 449 444 423 286 8215 
14-Jun 299 276 225 168 219 200 236 230 385 378 419 418 397 387 379 407 439 447 454 460 475 467 463 310 8536 
15-Jun 294 272 226 155 163 167 171 174 314 439 403 422 381 342 418 407 428 434 447 454 458 456 444 301 8170 
16-Jun 369 285 235 211 212 201 190 249 421 475 477 441 442 434 431 424 415 417 419 448 471 488 479 318 8952 
17-Jun 310 291 245 209 163 172 209 354 438 470 458 475 448 443 440 448 444 475 511 534 528 537 511 355 9468 
18-Jun 326 284 224 233 220 268 229 355 383 375 370 370 400 369 498 488 502 537 529 523 522 517 484 306 9309 
19-Jun 350 309 240 198 222 213 301 348 414 421 449 427 434 440 444 431 478 469 480 473 481 494 465 281 9261 
20-Jun 296 318 247 163 186 194 257 386 396 417 415 388 359 334 438 399 443 464 448 442 442 430 418 284 8561 
21-Jun 304 328 257 334 200 228 229 350 369 427 403 422 424 542 464 556 522 521 505 489 488 485 500 373 9723 
22-Jun 351 359 316 289 287 329 361 442 473 507 537 544 526 527 516 550 544 534 501 504 487 475 436 410 10803 
23-Jun 356 378 322 292 285 289 293 386 454 543 520 507 511 515 512 509 520 523 544 535 535 529 458 358 10675 
24-Jun 354 361 316 294 294 293 300 443 455 512 516 531 525 514 517 515 553 535 530 527 527 531 502 362 10807 
25-Jun 367 372 314 273 259 282 290 433 425 493 481 461 466 475 476 480 489 486 497 500 482 490 471 355 10119 
26-Jun 315 299 262 251 252 253 264 428 469 464 476 508 495 485 433 504 505 497 491 485 481 478 470 280 9845 
27-Jun 289 313 256 235 277 291 351 391 456 439 478 455 449 438 424 450 448 442 446 454 442 439 428 320 9411 
28-Jun 277 298 247 235 238 159 159 431 406 435 442 430 419 428 430 437 468 440 448 440 445 442 404 290 8848 
29-Jun 281 297 244 220 229 226 354 359 403 412 450 434 411 401 408 435 460 458 447 445 452 453 394 320 8993 
30-Jun 329 310 272 233 237 230 228 388 371 449 433 435 420 401 407 419 467 435 420 415 396 429 394 304 8823 
Total (Refrigeration ton) 260867 
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Total Energy Consumption July 2010 
Date 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 TOTAL 
1-Jul 259 273 232 211 213 213 210 391 361 387 399 379 405 388 392 397 403 427 416 410 415 411 383 292 8264 
2-Jul 323 331 256 245 254 269 270 326 386 379 384 384 378 396 401 385 441 420 415 415 412 415 400 330 8615 
3-Jul 312 290 304 260 240 242 281 355 346 404 401 402 388 387 385 386 404 426 407 414 410 406 406 354 8611 
4-Jul 371 278 277 242 222 225 225 208 390 361 403 409 395 394 392 402 416 441 267 599 491 491 488 475 8859 
5-Jul 290 331 351 300 267 262 269 272 376 439 444 427 414 416 385 410 456 443 439 448 440 441 432 416 9166 
6-Jul 334 326 322 226 186 215 215 328 316 417 432 449 414 411 406 407 414 442 433 429 434 447 442 445 8888 
7-Jul 362 337 270 288 266 378 346 325 397 428 435 447 434 421 416 431 488 482 485 502 500 508 483 471 9900 
8-Jul 496 337 354 306 291 296 299 281 498 479 481 426 419 559 515 499 501 520 543 553 563 580 593 627 11015 
9-Jul 470 371 403 318 290 258 247 308 503 472 438 450 453 554 488 521 525 581 596 609 603 597 602 585 11242 
10-Jul 355 382 310 293 295 300 340 408 524 495 471 468 484 515 511 578 611 596 609 604 599 467 563 493 11272 
11-Jul 387 359 290 262 306 330 398 448 510 484 488 547 522 547 558 548 546 541 550 544 536 509 499 411 11120 
12-Jul 355 359 301 286 289 368 400 426 509 511 518 524 540 422 500 456 560 548 541 536 532 523 492 372 10867 
13-Jul 415 398 318 292 281 319 405 428 511 485 488 489 515 515 478 535 543 551 554 568 567 559 520 409 11144 
14-Jul 380 398 333 311 311 315 340 368 488 478 451 435 448 439 517 522 597 600 598 591 595 578 549 370 11014 
15-Jul 376 393 321 293 362 331 382 403 468 445 517 514 541 537 507 520 548 540 549 561 561 565 531 404 11171 
16-Jul 495 266 253 239 240 311 241 418 434 428 405 425 496 469 470 469 485 480 495 489 488 506 525 372 9899 
17-Jul 386 350 292 278 259 290 345 373 506 467 510 495 479 456 468 473 512 509 501 499 521 530 513 430 10442 
18-Jul 356 378 360 319 302 320 337 381 422 470 449 480 481 464 474 469 456 459 473 495 487 486 482 475 10276 
19-Jul 389 360 369 317 320 349 343 363 420 484 472 474 478 475 470 459 462 467 472 467 462 458 464 458 10252 
20-Jul 346 408 393 321 273 261 270 283 406 458 441 463 444 436 443 316 487 460 442 438 437 441 435 435 9539 
21-Jul 409 303 321 267 247 250 253 304 376 449 441 477 470 488 466 491 463 476 560 530 530 541 526 531 10166 
22-Jul 412 400 407 325 300 296 280 331 413 443 420 425 446 441 439 438 448 487 517 506 504 510 503 467 10155 
23-Jul 360 353 322 306 305 355 320 323 368 352 395 416 394 409 452 451 445 451 468 461 450 462 449 457 9525 
24-Jul 414 311 332 268 254 256 314 327 351 371 419 420 411 407 412 431 405 465 446 456 467 473 455 413 9278 
25-Jul 389 300 317 246 199 256 211 289 428 385 447 421 422 428 419 420 429 462 493 504 513 505 511 495 9485 
26-Jul 345 292 322 264 238 322 321 346 395 397 433 468 446 459 451 446 457 464 461 473 459 466 472 493 9688 
27-Jul 399 356 335 297 278 275 260 287 394 402 463 484 456 493 474 473 484 489 499 492 496 489 487 481 10043 
28-Jul 409 347 314 344 364 337 335 351 380 386 449 427 437 441 444 454 463 472 475 485 466 480 485 483 10031 
29-Jul 391 340 339 310 261 333 382 349 394 416 456 477 484 484 491 486 485 505 522 528 527 523 528 529 10539 
30-Jul 475 346 407 335 303 300 291 291 485 458 451 433 414 502 512 524 527 492 549 523 518 532 548 556 10773 
31-Jul 429 448 399 340 307 303 293 267 513 485 500 536 515 502 511 520 532 550 540 547 556 567 567 536 11263 
Total (Refrigeration ton) 312505 
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Total Energy Consumption August 2010 
Date 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 TOTAL 
1-Aug 457 425 386 342 326 321 317 350 407 485 471 490 504 486 518 515 515 524 506 535 545 563 571 569 11129 
2-Aug 439 419 392 345 316 319 350 395 472 497 529 553 530 463 478 477 475 511 518 527 536 535 535 505 11117 
3-Aug 388 351 366 329 231 294 412 403 402 496 499 510 490 478 479 488 539 510 511 516 535 518 486 448 10678 
4-Aug 404 354 387 337 351 348 348 349 394 461 441 484 448 423 462 446 510 527 500 237 598 564 515 499 10387 
5-Aug 432 434 368 317 302 276 303 417 431 486 469 465 466 457 455 442 459 519 502 508 514 526 538 518 10604 
6-Aug 421 384 392 272 258 297 394 365 413 425 444 448 435 419 496 457 459 462 524 513 522 528 525 527 10382 
7-Aug 390 374 357 285 259 210 292 363 369 433 434 441 441 441 446 429 439 433 445 452 451 462 451 450 9549 
8-Aug 432 405 401 339 314 316 323 336 318 439 397 401 400 385 374 388 431 465 450 464 453 473 469 468 9643 
9-Aug 351 392 368 335 327 328 338 353 355 529 452 542 531 514 497 501 510 510 512 508 513 541 536 513 10855 
10-Aug 406 372 380 315 268 271 266 353 466 480 475 546 496 495 471 471 491 493 537 534 524 531 528 514 10682 
11-Aug 515 398 402 290 341 371 358 367 379 473 435 436 440 421 421 426 429 454 464 448 438 444 508 517 10175 
12-Aug 483 487 453 339 297 322 349 351 374 407 470 406 471 455 454 470 467 461 471 433 421 429 455 466 10191 
13-Aug 488 469 447 314 275 348 335 343 391 398 375 364 366 407 466 445 460 470 472 439 435 448 482 473 9911 
14-Aug 535 468 479 305 281 287 291 302 407 484 380 392 446 478 475 469 454 464 467 452 439 436 517 534 10245 
15-Aug 558 513 458 299 289 287 326 382 388 402 387 390 442 474 452 450 454 441 491 491 467 468 494 424 10229 
16-Aug 566 510 426 343 324 324 336 393 179 414 403 460 504 489 475 440 521 488 510 488 478 490 554 553 10667 
17-Aug 527 546 495 404 363 350 360 398 405 422 406 457 476 460 462 464 510 487 468 447 456 471 502 520 10855 
18-Aug 492 528 473 404 374 348 330 340 414 433 373 462 436 442 451 426 429 443 453 405 395 425 474 482 10232 
19-Aug 515 493 454 376 345 337 345 371 385 383 389 439 424 429 434 459 436 420 444 438 437 441 498 513 10202 
20-Aug 505 500 457 383 341 340 287 381 413 375 356 374 371 406 412 426 436 452 444 410 408 437 496 502 9914 
21-Aug 479 490 433 338 319 295 274 297 351 419 362 449 430 433 425 431 431 465 470 438 419 437 504 512 9900 
22-Aug 509 488 425 335 279 264 284 332 360 403 373 453 431 379 443 434 438 447 479 450 424 427 494 503 9855 
23-Aug 499 486 426 333 278 279 315 372 385 383 380 457 445 443 450 455 455 454 474 452 447 442 501 501 10111 
24-Aug 501 478 414 312 288 288 284 376 387 393 382 438 425 358 433 463 452 450 460 451 451 455 491 496 9926 
25-Aug 513 486 389 296 270 235 367 309 377 395 377 463 436 435 443 437 437 420 454 440 426 442 478 505 9828 
26-Aug 499 496 395 317 293 286 285 272 448 419 390 497 435 398 471 455 442 442 466 461 443 473 491 507 10082 
27-Aug 531 479 388 300 276 256 352 328 389 404 392 395 437 416 456 443 338 449 484 464 449 493 514 527 9960 
28-Aug 515 506 434 312 268 237 275 289 359 521 426 436 447 472 449 429 500 509 527 496 461 464 493 510 10334 
29-Aug 458 499 425 330 310 327 343 313 362 378 341 452 419 413 410 410 411 420 388 391 441 422 440 485 9589 
30-Aug 487 447 416 356 324 276 284 288 324 398 372 370 358 417 436 424 422 389 423 326 192 459 404 504 9096 
31-Aug 506 461 412 348 317 304 257 253 302 409 375 370 364 361 436 440 444 359 479 432 430 432 453 495 9440 
Total (Refrigeration ton) 315767 
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Total Energy Consumption September 2010 
Date 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 TOTAL 
1-Sep 483 500 451 351 320 305 301 231 271 431 395 471 446 442 448 451 483 441 453 441 429 434 476 475 9929 
2-Sep 493 479 452 311 276 280 323 333 379 380 379 437 447 439 424 474 489 443 452 433 427 396 461 500 9908 
3-Sep 475 475 446 327 320 315 298 307 388 359 346 361 354 378 391 392 387 447 428 406 396 398 427 436 9259 
4-Sep 490 462 416 290 263 251 245 280 332 347 358 372 420 417 399 455 504 455 483 454 456 508 512 507 9676 
5-Sep 439 454 416 319 264 260 266 313 385 362 362 372 399 463 456 439 443 449 418 419 425 436 445 449 9454 
6-Sep 491 436 376 266 260 317 306 309 332 358 353 374 399 423 418 434 446 453 437 438 431 440 459 506 9462 
7-Sep 502 473 405 307 263 262 259 261 400 398 366 437 424 421 433 440 438 451 464 449 445 451 463 465 9676 
8-Sep 468 472 448 331 323 316 316 297 344 331 311 335 345 389 374 392 405 287 534 368 378 390 424 433 9012 
9-Sep 519 450 401 327 287 279 268 302 335 310 287 328 333 337 396 412 410 439 441 438 439 460 517 520 9235 
10-Sep 437 510 459 336 294 288 275 347 372 370 359 412 364 378 434 421 418 433 478 461 469 477 474 455 9721 
11-Sep 439 379 354 259 245 245 274 329 349 376 372 363 423 411 403 366 377 374 475 442 451 486 461 458 9110 
12-Sep 472 342 335 307 278 275 278 299 307 357 351 363 400 405 394 405 412 438 435 444 458 456 458 462 9132 
13-Sep 389 348 331 242 227 243 242 250 299 412 461 463 424 385 395 403 422 455 453 456 448 463 461 385 9056 
14-Sep 361 344 319 283 256 253 245 265 307 372 322 441 358 335 400 390 441 441 429 424 426 427 448 454 8742 
15-Sep 406 302 296 288 277 277 296 331 325 339 359 419 402 389 333 430 440 443 493 504 506 516 521 489 9381 
16-Sep 416 368 340 299 276 273 273 350 316 375 396 445 418 409 410 376 467 447 440 449 451 450 452 450 9346 
17-Sep 353 372 370 323 287 313 305 357 365 388 409 416 420 411 387 419 427 442 439 434 444 446 445 430 9399 
18-Sep 381 316 293 239 231 251 313 334 335 367 418 395 391 379 1448 427 411 404 411 419 426 471 462 446 9967 
19-Sep 399 302 265 245 232 1243 221 274 323 477 456 437 431 366 380 377 452 447 444 454 465 448 517 500 10154 
20-Sep 385 381 385 333 304 260 267 278 357 415 435 424 410 419 330 452 443 467 461 449 451 439 467 470 9481 
21-Sep 376 245 243 209 197 203 308 383 339 419 430 452 436 400 445 365 404 438 394 409 442 458 447 483 8925 
22-Sep 374 368 329 287 267 240 250 294 356 424 444 447 442 422 415 440 441 446 446 445 435 463 443 451 9370 
23-Sep 380 366 338 273 245 249 250 314 337 366 358 431 424 419 374 443 434 438 451 458 467 507 499 448 9268 
24-Sep 427 285 312 258 216 241 235 254 313 341 391 382 375 367 359 369 393 462 457 463 469 473 475 482 8799 
25-Sep 436 326 327 278 228 233 234 263 372 339 437 438 430 412 376 460 443 457 465 470 476 480 438 497 9314 
26-Sep 406 371 352 300 284 283 281 276 364 479 472 499 494 470 469 480 485 473 460 469 485 479 496 495 10122 
27-Sep 382 274 262 243 229 246 335 388 385 462 481 461 436 455 441 437 467 467 452 447 444 457 473 477 9600 
28-Sep 341 382 369 285 277 304 308 322 340 355 391 405 400 398 393 378 387 430 418 463 445 443 433 371 9036 
29-Sep 367 324 325 278 260 257 264 330 349 375 374 405 416 402 411 428 437 459 447 466 471 477 469 428 9218 
30-Sep 368 334 312 260 228 230 242 263 342 448 413 408 388 396 405 409 414 461 451 456 461 476 509 487 9161 
Total (Refrigeration ton) 281913 
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Total Energy Consumption October 2010 
Date 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 TOTAL 
1-Oct 409 315 336 291 269 264 274 313 360 381 376 364 377 386 425 491 471 473 469 465 472 468 391 492 9333 
2-Oct 394 269 272 225 212 216 219 277 404 372 458 424 397 399 404 411 422 457 447 445 446 447 441 397 8856 
3-Oct 384 339 304 265 256 254 259 255 358 402 446 465 437 404 391 358 383 453 432 431 428 430 437 368 8937 
4-Oct 356 293 293 265 217 202 201 229 359 350 418 418 366 367 364 363 372 421 410 426 427 430 403 425 8376 
5-Oct 356 278 278 183 195 202 226 285 291 298 347 347 368 311 349 377 357 387 402 401 378 385 385 383 7767 
6-Oct 326 302 296 263 245 239 247 274 283 305 325 351 352 337 363 357 371 400 409 439 433 423 400 388 8127 
7-Oct 334 301 291 260 243 240 256 258 309 325 388 374 374 375 377 376 387 379 407 395 401 406 410 392 8258 
8-Oct 389 258 303 283 263 261 263 275 323 340 340 380 363 358 368 380 385 404 413 433 435 441 439 439 8535 
9-Oct 306 415 279 260 242 242 243 270 313 338 343 357 363 330 336 337 386 376 369 376 391 391 383 383 8029 
10-Oct 304 300 305 277 267 288 279 327 287 325 390 343 331 338 332 343 358 381 376 377 382 379 375 346 8010 
11-Oct 309 238 268 245 232 236 253 314 333 385 415 409 379 364 364 362 370 378 372 381 392 392 388 375 8156 
12-Oct 315 236 261 235 222 220 220 245 311 390 382 364 373 334 370 371 377 368 373 378 386 385 392 383 7890 
13-Oct 226 259 276 244 231 233 230 240 287 387 355 364 349 350 349 350 368 375 369 369 361 367 364 331 7632 
14-Oct 274 269 263 226 216 206 212 249 343 321 313 332 326 326 337 333 330 351 335 349 356 356 352 335 7308 
15-Oct 279 270 282 243 216 241 214 239 295 334 316 339 327 329 343 345 353 338 360 349 350 361 356 333 7412 
16-Oct 265 267 273 238 242 247 251 274 271 320 332 346 338 328 338 345 358 377 376 374 377 369 365 338 7610 
17-Oct 249 255 255 224 206 206 206 233 260 352 329 337 323 342 340 202 447 378 369 369 365 368 363 341 7317 
18-Oct 309 260 254 220 196 198 198 249 255 309 301 293 248 370 302 307 302 346 344 394 379 383 383 367 7166 
19-Oct 305 260 267 232 200 192 227 251 288 296 311 342 330 330 336 342 346 356 362 378 392 385 390 369 7486 
20-Oct 299 258 273 238 223 229 222 201 223 319 317 306 306 315 314 310 349 353 385 373 368 359 353 335 7228 
21-Oct 323 250 250 225 212 216 217 228 285 268 286 321 314 300 315 319 344 379 396 402 404 409 402 368 7433 
22-Oct 285 255 256 230 215 213 213 252 277 314 291 306 306 307 319 331 329 349 360 354 360 366 363 340 7189 
23-Oct 283 295 285 263 220 230 228 230 218 261 255 337 313 285 295 309 337 351 350 354 368 405 392 388 7250 
24-Oct 278 286 286 249 238 176 257 260 249 281 317 324 338 336 341 340 344 329 370 355 361 364 357 346 7384 
25-Oct 290 223 238 213 210 261 235 245 229 249 300 306 309 311 304 298 310 311 315 332 350 349 351 358 6896 
26-Oct 294 278 289 272 211 225 224 231 235 290 347 343 338 331 339 337 346 361 352 342 343 351 363 339 7381 
27-Oct 278 273 243 229 241 228 211 224 245 318 301 344 342 304 311 328 357 347 345 354 367 362 362 340 7255 
28-Oct 243 281 273 207 192 216 212 198 213 256 308 324 299 284 292 291 332 327 328 332 328 324 326 319 6706 
29-Oct 240 234 229 219 215 182 183 189 212 230 231 280 268 266 269 276 298 303 324 317 320 320 317 307 6229 
30-Oct 245 239 234 224 220 187 188 194 216 235 236 284 273 271 274 281 303 308 329 322 325 325 321 312 6344 
31-Oct 233 236 246 264 230 223 224 229 218 162 324 296 292 246 336 298 303 316 320 323 324 323 320 315 6603 
Total (Refrigeration ton) 236105 
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Total Energy Consumption November 2010 
Date 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 TOTAL 
1-Nov 245 246 250 223 200 190 207 230 192 259 300 334 319 300 300 303 307 317 321 332 333 334 333 330 6702 
2-Nov 196 243 245 228 200 194 214 211 201 257 288 264 294 270 265 279 276 275 284 291 296 323 336 280 6211 
3-Nov 243 196 217 195 164 205 220 211 203 230 294 276 267 285 285 283 287 272 275 310 303 309 314 289 6133 
4-Nov 203 235 216 215 183 214 199 219 189 251 273 270 325 283 297 296 296 286 315 296 289 290 285 257 6184 
5-Nov 169 219 245 199 143 148 142 121 166 172 186 246 237 220 237 264 316 269 277 273 270 271 266 203 5259 
6-Nov 220 184 188 174 151 135 133 147 176 192 224 236 237 227 224 235 241 261 244 240 241 243 241 230 5025 
7-Nov 137 232 191 157 144 141 155 149 169 193 193 207 222 222 222 232 261 243 246 245 246 252 294 227 4977 
8-Nov 137 232 191 157 144 141 155 149 169 193 193 207 222 222 222 232 261 243 246 245 246 252 294 227 4977 
9-Nov 137 232 191 157 144 141 155 149 169 193 193 207 222 222 222 232 261 243 246 245 246 252 294 227 4977 
10-Nov 137 232 191 157 144 141 155 149 169 193 193 207 222 222 222 232 261 243 246 245 246 252 294 227 4977 
11-Nov 225 144 171 170 143 134 149 150 184 247 228 255 260 249 251 253 244 251 260 251 253 110 243 235 5058 
12-Nov 197 102 146 193 137 125 118 137 157 201 197 219 214 216 903 229 237 255 245 266 249 239 243 239 5464 
13-Nov 201 191 198 185 169 166 108 169 161 163 187 216 214 204 208 214 237 254 239 238 239 251 245 232 4888 
14-Nov 224 194 195 185 163 154 744 175 189 194 186 184 214 210 209 222 226 235 232 242 260 252 251 241 5583 
15-Nov 224 194 195 185 163 154 744 175 189 194 186 184 214 210 209 222 226 235 232 242 260 252 251 241 5583 
16-Nov 226 194 186 163 152 139 142 162 191 187 211 217 220 213 220 229 237 253 254 251 270 265 251 232 5064 
17-Nov 221 228 211 178 170 199 136 151 216 200 233 239 236 243 237 241 245 265 254 257 262 271 269 257 5419 
18-Nov 225 203 214 194 165 159 159 132 142 208 235 237 234 244 236 228 234 279 264 257 263 264 258 266 5300 
19-Nov 196 192 192 178 153 145 142 128 148 199 198 187 186 195 206 233 219 244 267 242 264 242 231 271 4857 
20-Nov 169 121 158 152 130 125 134 152 185 160 157 205 230 206 205 198 221 221 221 216 215 215 217 213 4427 
21-Nov 172 112 149 138 118 112 107 109 127 175 175 180 195 187 172 168 177 222 206 207 207 212 207 191 4023 
22-Nov 161 154 148 138 122 113 122 166 160 146 167 174 198 189 194 197 201 203 207 205 208 210 204 205 4194 
23-Nov 146 111 136 126 109 106 101 117 169 162 160 179 180 170 173 178 187 192 193 192 195 193 192 184 3852 
24-Nov 138 126 133 119 108 100 97 104 110 174 155 171 180 161 184 199 183 184 183 183 185 189 133 187 3688 
25-Nov 156 113 129 124 103 100 93 109 164 148 138 165 185 182 167 181 188 191 188 189 206 213 184 185 3800 
26-Nov 156 125 148 133 113 103 96 104 110 120 127 169 167 147 159 170 168 208 197 201 199 197 161 193 3671 
27-Nov 128 141 140 127 117 110 126 122 137 136 136 138 187 175 169 170 176 180 176 176 173 176 178 172 3668 
28-Nov 150 130 134 119 103 104 95 99 88 133 131 137 144 140 137 135 143 181 173 178 182 180 182 175 3372 
29-Nov 178 154 156 139 130 124 118 125 158 51 174 137 144 169 169 173 179 177 175 184 185 175 263 211 3849 
30-Nov 165 160 156 143 135 128 124 107 86 150 159 137 144 152 160 187 172 196 186 182 180 184 187 179 3758 
Total (Refrigeration ton) 144941 
 
 
 
 
 100 
 
 
Total Energy Consumption December 2010 
 Date 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 TOTAL 
1-Dec 139 107 114 111 97 95 71 44 46 134 158 137 144 166 190 177 182 178 180 184 190 190 185 179 3398 
2-Dec 153 86 89 88 36 32 32 35 55 171 150 131 144 166 178 183 183 186 184 184 189 186 190 186 3225 
3-Dec 143 106 94 104 39 34 34 37 75 109 104 137 144 189 194 154 169 195 187 189 188 192 189 184 3191 
4-Dec 123 106 120 113 103 101 93 99 145 131 136 137 142 159 162 165 175 181 180 182 181 183 176 173 3468 
5-Dec 143 86 104 96 61 40 36 39 73 153 156 133 144 146 159 167 175 202 189 194 191 187 187 184 3251 
6-Dec 116 90 53 51 41 40 40 43 114 172 157 137 144 156 153 160 167 199 191 187 192 190 193 176 3160 
7-Dec 123 120 107 86 93 100 62 51 125 168 156 137 139 157 167 172 178 197 190 193 194 196 193 182 3492 
8-Dec 133 126 115 107 101 101 96 98 119 162 162 133 144 160 153 164 207 198 192 197 198 205 202 195 3670 
9-Dec 163 129 105 100 94 107 92 95 119 164 179 137 121 151 191 147 214 200 193 196 204 205 211 208 3750 
10-Dec 139 129 146 135 119 110 106 113 114 117 128 137 144 191 171 170 176 179 200 198 195 195 195 190 3696 
11-Dec 142 124 136 126 116 107 95 101 145 155 151 132 146 152 154 157 160 192 208 202 204 206 205 196 3714 
12-Dec 142 146 151 129 120 108 101 114 120 170 148 137 144 167 163 208 199 202 199 203 210 211 212 194 3896 
13-Dec 141 145 154 141 128 122 114 118 124 172 162 136 149 185 186 184 189 196 193 197 196 198 198 199 3923 
14-Dec 133 123 135 124 113 112 104 108 114 128 155 137 144 152 155 159 164 181 196 190 189 192 188 176 3572 
15-Dec 142 123 129 116 108 109 101 106 112 146 145 137 157 142 144 148 149 155 154 154 153 157 162 159 3295 
16-Dec 124 131 146 157 144 132 131 138 138 129 125 139 144 136 145 145 145 181 168 161 165 164 163 169 3519 
17-Dec 123 110 121 112 104 105 97 102 108 107 112 137 144 136 136 139 140 144 179 173 170 178 175 161 3213 
18-Dec 124 115 123 118 115 117 109 109 108 117 139 137 144 138 142 142 144 153 171 173 172 175 170 162 3318 
19-Dec 158 120 128 122 119 121 110 121 125 155 151 167 143 145 149 153 159 163 157 152 152 153 157 159 3409 
20-Dec 158 120 128 122 119 121 110 121 125 155 151 137 144 145 149 153 159 163 157 152 152 153 157 159 3409 
21-Dec 155 140 140 132 131 129 122 127 153 145 138 137 144 153 152 154 159 191 179 170 170 173 170 160 3627 
22-Dec 146 165 175 128 124 117 106 112 106 101 129 134 146 155 156 162 180 165 165 163 161 162 167 152 3480 
23-Dec 141 165 175 92 95 104 85 95 99 93 128 132 144 155 156 164 162 160 163 163 164 160 165 144 3308 
24-Dec 133 165 175 104 91 99 89 102 108 100 103 133 136 155 156 147 156 153 153 170 165 164 160 143 3274 
25-Dec 108 165 175 106 104 107 91 95 99 84 122 137 148 155 156 151 140 139 156 158 150 148 150 129 3168 
26-Dec 85 165 175 98 98 105 91 97 95 108 137 135 142 155 156 127 119 120 128 171 156 147 141 137 3091 
27-Dec 108 165 175 89 90 96 85 87 86 100 109 137 140 155 156 129 129 112 104 103 107 107 108 112 2790 
28-Dec 108 165 175 87 85 117 101 104 104 73 78 135 146 155 156 130 136 122 118 116 120 119 121 112 2882 
29-Dec 100 165 175 88 86 92 83 87 89 109 108 135 141 155 156 122 123 122 113 113 123 139 133 131 2890 
30-Dec 102 165 175 84 84 89 80 84 97 95 124 133 144 155 156 129 133 117 160 136 135 139 138 137 2995 
31-Dec 74 165 175 95 88 95 85 97 81 124 87 130 139 155 156 100 100 99 100 114 110 105 107 103 2694 
Total (Refrigeration ton) 103768 
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Total Energy Consumption January 2011 
Date 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 TOTAL 
1-Jan 80 165 175 95 88 95 85 97 81 124 92 137 144 155 156 87 90 97 94 104 113 110 103 104 2669 
2-Jan 76 73 82 70 63 64 65 72 76 91 83 84 86 86 86 88 82 111 100 95 94 106 104 97 2033 
3-Jan 83 66 76 76 66 64 63 68 74 58 33 6 14 229 161 113 103 103 98 116 111 112 109 105 2104 
4-Jan 83 74 77 66 60 60 60 65 67 102 102 106 106 109 108 105 105 104 103 122 119 109 106 102 2217 
5-Jan 96 80 74 62 59 62 62 67 76 101 105 100 99 104 108 111 109 108 109 136 130 128 123 122 2328 
6-Jan 115 96 101 94 83 83 82 90 90 111 112 108 102 99 101 110 142 136 134 140 141 144 149 147 2708 
7-Jan 113 103 91 82 72 70 70 76 80 80 83 84 119 136 133 135 135 134 160 160 152 151 150 142 2710 
8-Jan 119 111 113 104 93 93 92 96 101 123 119 61 167 160 130 128 136 140 166 159 160 162 159 151 3044 
9-Jan 119 108 101 85 77 73 71 74 78 103 131 125 123 129 135 134 139 144 151 157 154 151 152 139 2849 
10-Jan 128 123 120 109 99 99 97 100 101 112 123 118 122 121 122 122 124 129 128 132 133 131 128 131 2851 
11-Jan 95 97 98 90 75 73 70 78 81 82 101 113 110 110 110 112 113 112 107 111 112 114 116 114 2394 
12-Jan 95 71 74 74 64 63 63 69 74 94 98 96 99 98 100 102 104 105 104 110 110 109 108 108 2191 
13-Jan 88 86 90 84 72 76 80 87 85 92 84 83 90 92 94 96 99 106 105 105 105 99 87 88 2176 
14-Jan 103 85 82 81 76 75 74 84 88 88 87 87 87 88 88 93 96 99 104 102 98 101 102 101 2170 
15-Jan 112 106 102 94 85 89 87 98 101 73 31 50 132 124 98 94 76 74 74 75 73 73 78 84 2084 
16-Jan 113 83 101 91 81 88 89 93 80 74 75 100 112 109 107 84 71 62 99 123 114 111 105 103 2266 
17-Jan 64 54 52 50 44 39 40 44 64 64 98 124 108 99 77 101 106 102 97 90 90 78 75 80 1838 
18-Jan 82 82 80 54 51 58 56 62 70 66 85 96 92 91 88 84 86 85 94 89 88 88 86 79 1893 
19-Jan 82 81 78 71 62 64 64 71 74 81 90 84 83 88 89 92 93 88 87 88 88 86 86 86 1952 
20-Jan 85 95 90 77 69 70 68 77 76 72 79 82 81 89 97 94 88 85 83 81 80 79 80 83 1958 
21-Jan 83 83 78 69 58 59 61 67 73 90 94 93 96 99 96 100 97 90 85 85 87 83 82 82 1988 
22-Jan 86 89 78 73 65 64 65 74 80 69 67 41 53 65 96 135 115 98 87 87 87 88 85 77 1925 
23-Jan 37 42 44 42 35 34 34 36 40 62 58 59 52 101 124 102 95 91 81 87 85 85 83 68 1575 
24-Jan 29 41 41 42 32 31 27 32 36 62 69 64 52 60 124 115 102 96 89 85 86 82 82 82 1560 
25-Jan 50 61 61 57 49 53 53 58 58 69 83 90 84 82 82 85 86 87 88 92 91 88 91 90 1788 
26-Jan 77 75 73 61 54 58 57 65 65 61 79 90 85 84 85 84 83 85 85 86 89 87 86 86 1837 
27-Jan 84 67 70 62 56 56 58 66 65 78 96 95 90 90 93 93 104 120 111 112 110 110 113 109 2106 
28-Jan 84 85 86 76 69 66 68 79 78 84 84 80 83 85 114 104 101 100 100 124 116 114 110 107 2196 
29-Jan 80 77 80 71 62 63 61 69 65 71 50 38 100 125 116 105 90 103 98 95 98 102 98 98 2015 
30-Jan 34 50 51 52 41 43 41 47 61 74 52 43 93 119 103 95 95 91 105 123 113 110 103 91 1829 
31-Jan 59 60 72 53 45 44 43 44 71 117 109 97 89 102 121 118 116 116 97 93 112 138 132 113 2160 
Total (Refrigeration ton) 67411 
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Total Energy Consumption February 2011 
Date 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 TOTAL 
1-Feb 104 106 99 83 71 71 72 78 78 105 108 99 115 137 124 120 116 119 107 104 107 120 127 105 2474 
2-Feb 100 93 90 81 74 73 73 80 81 99 104 100 96 113 123 124 121 121 111 111 110 125 155 123 2479 
3-Feb 111 96 101 97 76 65 66 73 74 98 91 89 94 94 98 104 110 116 115 113 110 109 106 104 2309 
4-Feb 80 87 90 78 63 61 60 68 75 75 78 80 81 82 96 98 94 94 101 104 102 99 95 94 2032 
5-Feb 74 75 78 73 62 62 61 71 75 88 93 81 86 88 93 94 96 96 101 109 106 98 96 98 2050 
6-Feb 90 83 86 77 68 69 69 78 81 93 22 28 102 122 112 94 90 90 80 82 88 90 89 88 1970 
7-Feb 66 44 50 46 38 34 32 37 62 69 59 43 63 89 88 105 104 94 82 81 82 86 79 67 1598 
8-Feb 54 45 48 46 38 37 36 40 55 87 110 101 95 94 93 94 95 96 93 111 113 112 112 96 1899 
9-Feb 82 84 82 73 66 58 59 74 77 77 93 94 86 87 88 86 88 89 83 81 83 84 82 80 1936 
10-Feb 64 92 101 85 69 73 68 73 80 73 90 93 92 94 93 97 99 98 95 99 99 100 103 104 2131 
11-Feb 99 101 102 83 69 69 71 79 83 83 86 88 91 80 97 113 109 93 86 90 94 93 93 92 2142 
12-Feb 93 95 94 78 71 70 72 78 78 89 97 95 100 101 101 100 99 98 91 90 89 92 94 97 2163 
13-Feb 102 101 92 84 76 77 75 83 85 102 100 93 99 98 97 96 100 96 91 90 91 94 93 92 2207 
14-Feb 101 100 96 87 79 80 80 91 92 91 98 81 71 95 120 110 93 86 77 114 123 116 114 97 2289 
15-Feb 81 68 121 86 77 81 78 85 82 87 100 106 103 68 76 79 130 133 119 116 111 109 104 89 2288 
16-Feb 72 95 120 100 66 83 87 98 93 81 102 114 109 115 117 113 114 86 136 145 124 118 114 110 2511 
17-Feb 108 108 106 94 85 88 87 99 89 112 107 108 114 117 115 117 119 131 144 136 133 128 124 108 2677 
18-Feb 111 118 114 101 81 82 83 91 94 91 95 96 95 132 120 119 119 121 118 141 130 130 130 113 2626 
19-Feb 106 105 103 92 72 64 66 74 77 116 113 109 108 72 57 36 121 124 116 115 109 114 110 106 2283 
20-Feb 76 102 124 113 88 92 64 77 94 101 95 112 136 137 132 125 125 123 120 120 118 118 118 124 2633 
21-Feb 123 114 113 99 87 90 89 103 97 101 124 117 121 121 120 121 127 125 117 116 125 155 142 123 2771 
22-Feb 117 118 117 104 90 91 90 100 92 114 115 114 113 119 120 122 123 122 123 122 122 121 125 125 2718 
23-Feb 130 118 117 103 95 93 91 98 98 117 116 90 124 146 127 125 129 128 126 121 131 125 125 125 2798 
24-Feb 143 147 136 113 92 93 94 106 104 123 119 117 114 113 167 155 152 152 153 155 164 160 164 162 3193 
25-Feb 131 146 136 117 105 103 102 109 117 119 120 120 128 149 146 139 145 147 128 175 176 166 163 154 3242 
26-Feb 129 138 137 124 109 104 105 109 107 134 134 129 121 128 146 147 150 138 179 172 162 159 135 118 3213 
27-Feb 149 157 147 128 107 105 105 112 105 137 85 126 167 142 151 154 157 165 170 155 173 261 206 183 3546 
28-Feb 177 172 182 169 156 138 136 146 135 87 134 144 189 181 195 178 175 174 174 182 178 176 177 182 3935 
Total (Refrigeration ton) 70110 
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Total Energy  Consumption March 2011 
Date 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 TOTAL 
1-Mar 186 167 165 156 139 134 130 150 147 149 147 151 164 174 174 169 166 161 161 157 152 149 149 147 3741 
2-Mar 153 147 145 134 119 115 113 128 130 108 122 120 147 120 113 126 132 177 180 150 148 148 150 121 3244 
3-Mar 106 118 114 99 89 84 81 89 88 96 127 119 107 107 113 115 203 167 144 141 139 139 127 117 2824 
4-Mar 128 90 87 89 83 80 79 84 88 89 92 93 105 132 131 128 117 112 191 154 148 146 144 123 2711 
5-Mar 122 114 109 96 86 85 81 90 93 93 124 112 119 134 138 133 130 129 156 138 134 137 130 129 2813 
6-Mar 152 118 114 101 91 90 86 95 98 98 129 222 131 127 143 145 140 135 155 138 134 144 184 144 3113 
7-Mar 120 129 124 102 86 86 86 97 102 125 131 121 107 126 130 125 133 126 119 118 118 188 164 142 2902 
8-Mar 123 137 139 115 99 101 93 105 112 178 154 123 115 127 132 135 141 131 138 215 179 171 166 142 3267 
9-Mar 127 145 145 120 102 99 98 108 115 132 147 119 150 179 163 206 178 173 197 182 172 137 147 138 3479 
10-Mar 168 176 169 146 129 126 122 134 135 147 155 137 208 167 219 203 224 211 215 219 217 195 192 183 4196 
11-Mar 184 122 145 147 135 132 128 134 138 141 147 155 155 171 183 181 191 255 253 237 233 228 236 221 4250 
12-Mar 221 145 145 156 144 141 140 153 149 178 182 210 268 222 221 225 219 217 216 216 214 209 208 209 4609 
13-Mar 210 138 131 140 132 131 131 140 143 176 177 194 191 187 163 162 197 238 243 222 218 214 216 208 4302 
14-Mar 164 137 217 178 161 156 152 164 154 149 161 160 149 167 173 165 166 154 191 204 183 182 179 153 4019 
15-Mar 120 122 131 123 138 122 121 136 131 132 139 141 151 162 167 160 161 182 178 170 166 161 161 145 3519 
16-Mar 98 98 100 93 75 118 120 132 133 135 88 95 142 160 161 176 177 152 141 143 143 146 141 141 3105 
17-Mar 98 120 121 163 122 119 117 134 132 121 117 123 127 123 123 128 125 144 143 140 158 151 150 143 3139 
18-Mar 125 131 129 118 70 111 136 134 139 134 139 138 141 141 141 141 141 143 168 157 155 152 151 145 3278 
19-Mar 118 121 127 88 116 138 123 136 131 132 130 129 173 194 165 162 161 166 182 176 166 168 167 159 3527 
20-Mar 138 137 134 121 109 106 109 116 160 147 135 156 176 167 151 155 162 173 193 191 188 172 173 167 3633 
21-Mar 149 151 145 123 115 116 117 130 168 157 146 168 176 203 159 145 210 204 197 196 193 188 185 171 3913 
22-Mar 152 155 157 111 78 78 77 121 185 166 157 174 169 176 202 217 221 207 198 199 197 191 189 197 3975 
23-Mar 167 167 125 95 88 88 87 115 212 178 162 178 223 250 247 238 238 232 237 235 230 223 221 222 4455 
24-Mar 161 162 184 156 92 98 99 117 131 209 198 240 255 240 236 233 235 229 233 227 226 219 221 185 4587 
25-Mar 176 153 169 159 141 141 139 149 155 193 186 180 181 179 175 174 170 264 224 221 226 225 222 221 4420 
26-Mar 154 172 135 111 92 88 83 88 101 188 186 162 144 170 180 188 190 198 201 198 192 182 184 179 3765 
27-Mar 142 161 161 148 133 130 125 138 161 163 161 143 139 158 171 175 177 194 194 188 186 177 179 173 3877 
28-Mar 139 146 152 131 110 112 114 121 178 157 154 138 134 143 161 178 167 186 168 163 166 167 164 173 3623 
29-Mar 164 161 158 145 130 117 114 128 113 118 153 140 138 147 162 174 174 198 196 188 184 183 186 177 3748 
30-Mar 159 158 160 144 88 95 117 180 166 169 161 140 136 189 226 218 216 199 193 191 194 194 195 191 4080 
31-Mar 155 158 146 123 78 79 92 193 186 171 174 200 195 191 193 195 194 225 227 209 216 218 216 217 4251 
Total (Refrigeration ton) 114365 
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Total Energy Consumption April 2011 
Date 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 TOTAL 
1-Apr 140 137 136 133 120 97 102 115 123 133 178 171 169 169 168 151 160 216 199 200 196 195 199 178 3784 
2-Apr 134 141 139 132 96 92 94 104 109 177 153 177 192 185 184 189 189 209 204 202 200 200 196 186 3885 
3-Apr 137 144 112 89 83 82 83 105 173 196 196 204 207 202 211 211 225 234 228 230 231 224 220 221 4250 
4-Apr 147 123 130 121 110 110 110 112 154 196 191 155 281 271 248 198 222 266 253 262 258 256 257 253 4683 
5-Apr 184 170 171 166 165 176 172 214 190 193 245 266 254 253 155 337 230 246 256 253 247 246 247 241 5278 
6-Apr 183 157 168 154 140 129 126 136 177 216 254 250 258 257 269 232 270 290 290 289 287 274 274 294 5375 
7-Apr 183 232 199 195 183 181 182 195 232 220 223 270 258 233 287 262 287 302 293 290 286 284 284 274 5835 
8-Apr 192 236 171 172 158 150 148 164 195 209 201 220 262 244 329 263 275 339 317 336 363 348 348 338 5978 
9-Apr 251 194 196 199 176 180 206 241 230 223 286 283 319 335 305 306 291 333 356 343 339 331 332 319 6575 
10-Apr 217 233 220 212 198 191 163 248 221 205 288 327 254 320 272 293 278 302 336 312 307 301 293 263 6254 
11-Apr 210 235 204 178 168 201 214 203 180 193 208 274 239 235 259 244 257 273 273 272 277 273 275 275 5621 
12-Apr 188 177 175 164 149 144 142 157 159 280 263 253 271 247 236 267 306 309 297 306 306 307 314 288 5703 
13-Apr 212 206 186 181 183 163 159 240 187 246 283 253 236 264 260 277 309 302 292 369 337 331 337 309 6122 
14-Apr 210 213 179 171 149 133 173 212 116 183 266 228 245 243 221 226 229 259 239 240 246 245 254 236 5118 
15-Apr 186 176 167 153 139 140 141 147 157 161 160 151 179 235 221 208 207 204 237 223 225 225 224 193 4461 
16-Apr 167 174 149 132 122 107 114 116 175 193 145 148 202 187 182 179 185 185 207 197 198 189 192 168 4011 
17-Apr 147 123 128 129 118 110 114 123 126 151 175 175 170 178 183 183 189 195 203 198 203 203 203 185 3913 
18-Apr 142 127 128 131 121 115 119 129 122 168 187 183 191 211 159 190 229 200 207 216 213 209 215 195 4107 
19-Apr 161 131 126 129 117 125 116 134 127 169 225 196 203 202 207 208 215 267 246 240 236 239 240 217 4476 
20-Apr 183 162 184 173 158 166 147 106 141 206 214 215 209 220 222 219 213 259 263 263 254 249 250 235 4911 
21-Apr 187 178 175 158 142 140 147 155 151 199 241 225 233 270 259 261 264 253 256 252 252 251 251 265 5164 
22-Apr 184 260 187 142 146 216 208 208 214 219 211 216 223 218 243 235 250 271 272 269 261 266 268 273 5461 
23-Apr 213 202 157 156 147 150 148 159 192 266 233 257 264 290 272 277 280 297 296 298 311 348 330 295 5839 
24-Apr 216 234 215 202 114 159 160 166 203 309 272 256 271 288 287 280 290 280 293 293 283 292 296 290 5950 
25-Apr 187 221 214 198 182 161 184 245 200 250 277 288 275 274 290 280 300 300 304 296 345 328 330 282 6211 
26-Apr 262 263 240 221 206 199 220 163 170 327 284 294 298 291 282 281 282 309 307 311 311 308 308 307 6445 
27-Apr 244 264 237 217 190 226 224 232 198 295 269 292 299 309 310 299 295 296 301 303 307 296 291 280 6477 
28-Apr 231 202 193 185 178 179 174 219 228 272 283 280 276 276 272 314 310 300 295 295 294 294 289 288 6130 
29-Apr 220 211 203 185 164 181 180 168 242 230 223 250 224 247 268 247 284 286 277 289 287 291 288 282 5729 
30-Apr 229 174 193 171 162 159 157 165 227 330 282 287 307 332 277 254 312 326 317 319 316 314 311 311 6233 
Total (Refrigeration ton) 159979 
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           APPENDIX-B: Weather data and Material Library 
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                 Table 20: Dhahran weather data table from ASHRAE 
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Table 21: The material Library for the Arabic Interface from VISUAL DOE 4.1 published by US 
department of energy, 2003 
Material Library for Visual DOE (Arabic Interface) 
  
Section 1: Type: Insulation 
Material Code: 0001 
English Arabic 
Name Cellulose Fill, 3.5 in., R-13  ﺯﻭﻠﻳﻠﺳﻟﺍ ﺓﻭﺷﺣ۳٫٥ ﺔﺻﻭﺑ ,13-R ﺓﺩﺎﻣﻟﺍ 
Thickness 88.9 mm ۸۸٫۹ ﻡﻣ ﺔﻛﺎﻣﺳﻟﺍ 
R Value 2.284 m2 - oC/W ۲٫۲۸٤ ﺕﺍﻭ /ﻡ۲ .ﺔﻳﻭﺋﻣ ﺔﺟﺭﺩ 
 ﻝﺎﻘﺗﻧﺍ ﻝﻣﺎﻌﻣ
ﺓﺭﺍﺭﺣﻟﺍ 
Density 48.054 kg/m3 ٤۸٫۰٥٤   ﻝﻭﺟ ﻭﻠﻳﻛ /ﻡ۳ ﺔﻓﺎﺛﻛﻟﺍ 
Conductivity 0.038934 W/m - oC ۰٫۰۳۸۹۳٤  ﺕﺍﻭ/ﻡ.ﺔﻳﻭﺋﻣ ﺔﺟﺭﺩ ﺔﻳﻠﺻﻭﻣﻟﺍ 
Specific Heat 1381.545 J/Kg - oC 
۱۳۸۱٫٥٤٥  ﻝﻭﺟ/ﻡﺍﺭﺟﻭﻠﻳﻛ. ﺔﺟﺭﺩ
ﺔﻳﻭﺋﻣ ﺔﻳﻋﻭﻧﻟﺍ ﺓﺭﺍﺭﺣﻟﺍ 
        
Material Code: 0002 
English Arabic 
Name Cellulose Fill, 5.5 in., R-20  ﺯﻭﻠﻳﻠﺳﻟﺍ ﺓﻭﺷﺣ٥٫٥ ﺔﺻﻭﺑ ,20-R ﺓﺩﺎﻣﻟﺍ 
Thickness 139.7 mm ۱۳۹٫۷ ﻡﻣ ﺔﻛﺎﻣﺳﻟﺍ 
R Value 3.588 m2 - oC/W ۳٫٥۸۸ ﺕﺍﻭ /ﻡ۲ .ﺔﻳﻭﺋﻣ ﺔﺟﺭﺩ 
 ﻝﺎﻘﺗﻧﺍ ﻝﻣﺎﻌﻣ
ﺓﺭﺍﺭﺣﻟﺍ 
Density 48.054 kg/m3 ٤۸٫۰٥٤   ﻝﻭﺟ ﻭﻠﻳﻛ /ﻡ۳ ﺔﻓﺎﺛﻛﻟﺍ 
Conductivity 0.038934 W/m - oC ۰٫۰۳۸۹۳٤  ﺕﺍﻭ/ﻡ.ﺔﻳﻭﺋﻣ ﺔﺟﺭﺩ ﺔﻳﻠﺻﻭﻣﻟﺍ 
Specific Heat 1381.545 J/Kg - oC 
۱۳۸۱٫٥٤٥  ﻝﻭﺟ/ﻡﺍﺭﺟﻭﻠﻳﻛ. ﺔﺟﺭﺩ
ﺔﻳﻭﺋﻣ ﺔﻳﻋﻭﻧﻟﺍ ﺓﺭﺍﺭﺣﻟﺍ 
        
Material Code: 0003 
English Arabic 
Name Expanded Perlite, 2 lbs/sf, 0.5 in. 
 ﺩﺩﻣﺗﻣﻟﺍ ﺕﻳﻻﺭﻳﺑﻟﺍ۲ﺩﻧﻭﺎﺑ/ﻡﺩﻗ۲ ,۰٫٥ 
ﺔﺻﻭﺑ ﺓﺩﺎﻣﻟﺍ 
Thickness 12.7 mm ۱۲٫۷ ﻡﻣ ﺔﻛﺎﻣﺳﻟﺍ 
R Value 0.245 m2 - oC/W ۰٫۲٤٥ ﺕﺍﻭ /ﻡ۲ .ﺔﻳﻭﺋﻣ ﺔﺟﺭﺩ 
 ﻝﺎﻘﺗﻧﺍ ﻝﻣﺎﻌﻣ
ﺓﺭﺍﺭﺣﻟﺍ 
Density 118.5332 kg/m3 ۱۱۸٫٥۳۳۲   ﻝﻭﺟ ﻭﻠﻳﻛ /ﻡ۳ ﺔﻓﺎﺛﻛﻟﺍ 
Conductivity 0.051912 W/m - oC ۰٫۰٥۱۹۱۲  ﺕﺍﻭ/ﻡ.ﺔﻳﻭﺋﻣ ﺔﺟﺭﺩ ﺔﻳﻠﺻﻭﻣﻟﺍ 
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 ﻭﻋﻳﺔﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ۹٤٫۸۸۰۱ Co - gK/J 94.8801 taeH cificepS
        
 4000 :edoC lairetaM
 cibarA hsilgnE
 8.2R ,.ni 1 ,fs/sbl 2 ,etilreP dednapxE emaN
ﺑﻭﺻﺔ  ۱, ۲ﻗﺩﻡ/ﺑﺎﻭﻧﺩ۲ﺍﻟﺑﻳﺭﻻﻳﺕ ﺍﻟﻣﺗﻣﺩﺩ 
 ﺍﻟﻣﺎﺩﺓ 8.2R, 
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ٤٫٥۲ mm 4.52 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ۹۸٤٫۰ W/Co - 2m 984.0 eulaV R
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ۲۳۳٥٫۸۱۱ 3m/gk 2335.811 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻡ/ﻭﺍﺕ  ۲۱۹۱٥۰٫۰ Co - m/W 219150.0 ytivitcudnoC
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ۹٤٫۸۸۰۱ Co - gK/J 94.8801 taeH cificepS
        
 5000 :edoC lairetaM
 cibarA hsilgnE
 6.5R ,.ni 2 ,fs/sbl 2 ,etilreP dednapxE emaN
, ﺑﻭﺻﺔ  ۲ﻗﺩﻡ/ﺑﺎﻭﻧﺩ ۲ﺍﻟﺑﻳﺭﻻﻳﺕ ﺍﻟﻣﺗﻣﺩﺩ 
 ﺍﻟﻣﺎﺩﺓ   6.5R
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ۸٫۰٥ mm 8.05 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ۹۷۹٫۰ W/Co - 2m 979.0 eulaV R
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
 ﻓﺔﺍﻟﻛﺛﺎ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ    ۲۳۳٥٫۸۱۱  3m/gk 2335.811 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻡ/ﻭﺍﺕ  ۲۱۹۱٥۰٫۰ Co - m/W 219150.0 ytivitcudnoC
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ۹٤٫۸۸۰۱ Co - gK/J 94.8801 taeH cificepS
        
 6000 :edoC lairetaM
 cibarA hsilgnE
 .ni 2/1 ,gnihtaehS esaB liaN ,draoB noitalusnI emaN
 ۲/۱ﺡ ﻋﺯﻝ ﻣﻐﻠﻔﺔ ﻣﺩﺑﺑﺔ ﺍﻟﺭﺃﺱ ﺍﻟﻭﺍ
 ﺍﻟﻣﺎﺩﺓ ﺑﻭﺻﺔ
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ۷٫۲۱ mm 7.21 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ۱۰۲٫۰ W/Co - 2m 102.0 eulaV R
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ٥٤٫۰۰٤ 3m/gk 54.004 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﻣﺋﻭﻳﺔﺩﺭﺟﺔ .ﻡ/ﻭﺍﺕ  ٤٦۲۳۳۳٦۰٫۰ Co - m/W 46233360.0 ytivitcudnoC
 Co - gK/J 518.7921 taeH cificepS
ﺩﺭﺟﺔ .ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ٥۱۸٫۷۹۲۱
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﻣﺋﻭﻳﺔ
        
 7000 :edoC lairetaM
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 cibarA hsilgnE
 ﺍﻟﻣﺎﺩﺓ ﺑﻭﺻﺔ ۲/۱ﺍﻟﻭﺍﺡ ﻋﺯﻝ ﻣﻐﻠﻔﺔ  .ni 2/1 ,gnihtaehS ,draoB noitalusnI emaN
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ۷٫۲۱ mm 7.21 ssenkcihT
 W/Co - 2m 232.0 eulaV R
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ۲۳۲٫۰
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ٤۲۳٫۸۸۲ 3m/gk 423.882 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻡ/ﻭﺍﺕ  ٤٦۰۸٦٤٥۰٫۰ Co - m/W 46086450.0 ytivitcudnoC
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﻣﺋﻭﻳﺔ ﺩﺭﺟﺔ.ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ٥۹٫٥٥۲۱ Co - gK/J 59.5521 taeH cificepS
 8000 :edoC lairetaM
 cibarA hsilgnE
 ﺍﻟﻣﺎﺩﺓ ﺑﻭﺻﺔ ٤/  ۳ﺍﻟﻭﺍﺡ ﻋﺯﻝ ﻣﻐﻠﻔﺔ،  .ni 4/3 ,gnihtaehS ,draoB noitalusnI emaN
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ٥۰٫۹۱ mm 50.91 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ٤۸۳٫۰ W/Co - 2m 483.0 eulaV R
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ٤۲۳٫۸۸۲ 3m/gk 423.882 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻡ/ﻭﺍﺕ  ٤٦۰۸٦٤٥۰٫۰ Co - m/W 46086450.0 ytivitcudnoC
 Co - gK/J 518.7921 taeH cificepS
ﺩﺭﺟﺔ .ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ٥۱۸٫۷۹۲۱
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﻣﺋﻭﻳﺔ
        
 9000 :edoC lairetaM
 cibarA hsilgnE
 ﺍﻟﻣﺎﺩﺓ ﺑﻭﺻﺔ ۳/  ۸ﺍﻟﻭﺍﺡ ﻋﺯﻝ ، ﺍﻟﻠﻭﺣﺔ ﺑﺎﻛﺭ ،  .ni 8/3 ,rekcaB elgnihS ,draoB noitalusnI emaN
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ٤۲۰٤٥٫۹ mm 42045.9 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ۷٦۱٫۰ W/Co - 2m 761.0 eulaV R
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ٤۲۳٫۸۸۲ 3m/gk 423.882 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻡ/ﻭﺍﺕ  ٤٦۰۸٦٤٥۰٫۰ Co - m/W 46086450.0 ytivitcudnoC
 Co - gK/J 518.7921 taeH cificepS
ﺩﺭﺟﺔ .ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ٥۱۸٫۷۹۲۱
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﻣﺋﻭﻳﺔ
        
 0100 :edoC lairetaM
 cibarA hsilgnE
 ﺍﻟﻣﺎﺩﺓ R-11ﺑﺎﺕ ،ﺍﻻﻟﻳﺎﻑ / ﺍﻟﺻﻭﻑ ﺍﻟﻣﻌﺩﻧﻲ  11-R ,ttaB rebiF/looW lareniM emaN
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ٦۳۹۲۱٫۰۹ mm 63921.09 ssenkcihT
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ  ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ۳۸۰٫۲ W/Co - 2m 380.2 eulaV R
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 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ۸۰۱٦٫۹ 3m/gk 8016.9 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻡ/ﻭﺍﺕ  ٦۲۳٤۰٫۰ Co - m/W 62340.0 ytivitcudnoC
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ۳٫۷۳۸ Co - gK/J 3.738 taeH cificepS
        
 1100 :edoC lairetaM
 cibarA hsilgnE
 ﺍﻟﻣﺎﺩﺓ R-91ﺍﻻﻟﻳﺎﻑ ﺑﺎﺕ ، / ﺍﻟﺻﻭﻑ ﺍﻟﻣﻌﺩﻧﻲ  91-R ,ttaB rebiF/looW lareniM emaN
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ٤۸۱۹٦٫٥٥۱ mm 48196.551 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ۹۹٥٫۳ W/Co - 2m 995.3 eulaV R
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ۸۰۱٦٫۹ 3m/gk 8016.9 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻡ/ﻭﺍﺕ  ٦۲۳٤۰٫۰ Co - m/W 62340.0 ytivitcudnoC
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ۳٫۷۳۸ Co - gK/J 3.738 taeH cificepS
 2100 :edoC lairetaM
 cibarA hsilgnE
 ﺍﻟﻣﺎﺩﺓ R-42ﺍﻻﻟﻳﺎﻑ ﺑﺎﺕ ، / ﺍﻟﺻﻭﻑ ﺍﻟﻣﻌﺩﻧﻲ  42-R ,ttaB rebiF/looW lareniM emaN
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ٤٥٤۱٥۱٤٫۲۱۲ mm 4541514.212 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ۱۹٫٤ W/Co - 2m 19.4 eulaV R
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ٦٫۹۸۰۱ 3m/gk 8016.9 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻡ/ﻭﺍﺕ  ٦۲۳٤۰٫۰ Co - m/W 62340.0 ytivitcudnoC
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ۳٫۷۳۸ Co - gK/J 3.738 taeH cificepS
        
 3100 :edoC lairetaM
 cibarA hsilgnE
 ﺍﻟﻣﺎﺩﺓ R-03ﺍﻻﻟﻳﺎﻑ ﺑﺎﺕ ، / ﻭﻑ ﺍﻟﻣﻌﺩﻧﻲ ﺍﻟﺻ 03-R ,ttaB rebiF/looW lareniM emaN
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ۲۱۲۸٫٥٤۲ mm 2128.542 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ۲۸٦٫٥ W/Co - 2m 286.5 eulaV R
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ۸۰۱٦٫۹ 3m/gk 8016.9 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﻣﺋﻭﻳﺔ ﺩﺭﺟﺔ.ﻡ/ﻭﺍﺕ  ٦۲۳٤۰٫۰ Co - m/W 62340.0 ytivitcudnoC
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ۳٫۷۳۸ Co - gK/J 3.738 taeH cificepS
        
 4100 :edoC lairetaM
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 cibarA hsilgnE
 ﺍﻟﻣﺎﺩﺓ R-7ﺍﻻﻟﻳﺎﻑ ﺑﺎﺕ ، / ﺍﻟﺻﻭﻑ ﺍﻟﻣﻌﺩﻧﻲ  7-R ,ttaB rebiF/looW lareniM emaN
 ﻛﺔﺍﻟﺳﻣﺎ ﻣﻡ ٦۳۳٦۳٫۷٥ mm 63363.75 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ٦۲۳٫۱ W/Co - 2m 623.1 eulaV R
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ۸۰۱٦٫۹ 3m/gk 8016.9 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻡ/ﻭﺍﺕ  ٦۲۳٤۰٫۰ Co - m/W 62340.0 ytivitcudnoC
 ﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔﺍ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ۳٫۷۳۸ Co - gK/J 3.738 taeH cificepS
        
 5100 :edoC lairetaM
 cibarA hsilgnE
 emaN
 ,.ni 5.3 ,lliF rebiF/looW lareniM
 31-R
 ٥٫۳ﺍﻟﻳﺎﻑ ﻣﻌﺑﺄﺓ ، / ﺍﻟﺻﻭﻑ ﺍﻟﻣﻌﺩﻧﻲ 
 ﺍﻟﻣﺎﺩﺓ R-31ﺑﻭﺻﺔ ، 
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ۹٫۸۸ mm 9.88 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ۳۰۹٫۱ W/Co - 2m 309.1 eulaV R
ﻝ ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎ
 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ۸۰۱٦٫۹ 3m/gk 8016.9 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻡ/ﻭﺍﺕ  ۸۰۲۷٦٤۰٫۰ Co - m/W 8027640.0 ytivitcudnoC
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ۳٫۷۳۸ Co - gK/J 3.738 taeH cificepS
 6100 :edoC lairetaM
 cibarA hsilgnE
 emaN
 ,.ni 5.5 ,lliF rebiF/looW lareniM
 91-R
 ٥٫٥ﺍﻟﻳﺎﻑ ﻣﻌﺑﺄﺓ ، / ﺍﻟﺻﻭﻑ ﺍﻟﻣﻌﺩﻧﻲ 
 ﺍﻟﻣﺎﺩﺓ R-91ﺑﻭﺻﺔ ، 
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ۷٫۹۳۱ mm 7.931 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ۹۹٫۲ W/Co - 2m 99.2 eulaV R
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ۸۰۱٦٫۹ 3m/gk 8016.9 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻡ/ﻭﺍﺕ  ۸۰۲۷٦٤۰٫۰ Co - m/W 8027640.0 ytivitcudnoC
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ۳٫۷۳۸ Co - gK/J 3.738 taeH cificepS
        
 7100 :edoC lairetaM
 cibarA hsilgnE
 ﺍﻟﻣﺎﺩﺓ R9.8ﺑﻭﺻﺔ ،  ٥٫۱ﺍﻟﺑﻭﻟﻳﺳﻭ ﺍﻟﻐﻳﺭ ﻣﻐﻠﻑ  9.8R ,.ni 5.1 ,decafnu ,osiyloP emaN
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ۱٫۸۳ mm 1.83 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ۱٥٥٫۱ W/Co - 2m 155.1 eulaV R
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
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 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ۷۲۰٫٤۲ 3m/gk 720.42 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻡ/ﻭﺍﺕ  ۸٦۱۷٥٤۲۰٫۰ Co - m/W 86175420.0 ytivitcudnoC
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ۷۸٫۰۹٥۱ Co - gK/J 78.0951 taeH cificepS
        
 8100 :edoC lairetaM
 cibarA hsilgnE
 8.41R ,.ni 5.2 ,decafnu ,osiyloP emaN
ﺑﻭﺻﺔ ،  ٥٫۲ﺍﻟﺑﻭﻟﻳﺳﻭ ﺍﻟﻐﻳﺭ ﻣﻐﻠﻑ 
 ﺍﻟﻣﺎﺩﺓ 8.41R
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ٥٫۳٦ mm 5.36 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ٤۸٥٫۲ W/Co - 2m 485.2 eulaV R
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ۷۲۰٫٤۲ 3m/gk 720.42 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻡ/ﻭﺍﺕ  ۸٦۱۷٥٤۲۰٫۰ Co - m/W 86175420.0 ytivitcudnoC
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ۷۸٫۰۹٥۱ Co - gK/J 78.0951 taeH cificepS
        
 9100 :edoC lairetaM
 cibarA hsilgnE
 emaN
 1 ,recaf .mrepmi ,etarunaycosiyloP
 ﺍﻟﻣﺎﺩﺓ R-7ﺑﻭﺻﺔ ،  ۱ﺍﻟﺑﻭﻟﻳﺳﻭﺳﻳﺎﻧﻭﺭﺍﻳﺕ  7R ,.ni
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ٤٫٥۲ mm 4.52 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ٥٥۲٫۱ W/Co - 2m 552.1 eulaV R
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ٦۳۰٫۲۳ 3m/gk 630.23 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻡ/ﻭﺍﺕ  ۸٦٥٤۲۰۲۰٫۰ Co - m/W 86542020.0 ytivitcudnoC
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ۳۰٫۱۲۹ Co - gK/J 30.129 taeH cificepS
 0200 :edoC lairetaM
 cibarA hsilgnE
 emaN
 ,recaf .mrepmi ,etarunaycosiyloP
 ﺍﻟﻣﺎﺩﺓ R-12ﺑﻭﺻﺔ ،  ٥٫۲ﺍﻟﺑﻭﻟﻳﺳﻭﺳﻳﺎﻧﻭﺭﺍﻳﺕ  12R ,.ni 5.2
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ٥٫۳٦ mm 5.36 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ٦۳۱٫۳ W/Co - 2m 631.3 eulaV R
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ٦۳۰٫۲۳ 3m/gk 630.23 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻡ/ﻭﺍﺕ  ۰٫۰۸٦٥٤۲۰۲ Co - m/W 86542020.0 ytivitcudnoC
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ۳۰٫۱۲۹ Co - gK/J 30.129 taeH cificepS
        
 1200 :edoC lairetaM
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 cibarA hsilgnE
 emaN
 3 ,recaf .mrepmi ,etarunaycosiyloP
 ﺍﻟﻣﺎﺩﺓ R-12ﺑﻭﺻﺔ ،  ۳ﺍﻟﺑﻭﻟﻳﺳﻭﺳﻳﺎﻧﻭﺭﺍﻳﺕ  12R ,.ni
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ۲٫٦۷ mm 2.67 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ٤٦۷٫۳ W/Co - 2m 467.3 eulaV R
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ٦۳۰٫۲۳ 3m/gk 630.23 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻡ/ﻭﺍﺕ  ۸٦٥٤۲۰۲۰٫۰ Co - m/W 86542020.0 ytivitcudnoC
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ۳۰٫۱۲۹ Co - gK/J 30.129 taeH cificepS
        
 2200 :edoC lairetaM
 cibarA hsilgnE
 emaN
 ,.ni 5.1 ,decafnu ,etarunaycosiyloP
 5.01R
R-ﺑﻭﺻﺔ ،  ٥٫۱ﺍﻟﺑﻭﻟﻳﺳﻭﺳﻳﺎﻧﻭﺭﺍﻳﺕ 
 ﺍﻟﻣﺎﺩﺓ 5.01
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ۱٫۸۳ mm 1.83 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ /ﻭﺍﺕ ۱٥٥٫۱ W/Co - 2m 155.1 eulaV R
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ۷۲۰٫٤۲ 3m/gk 720.42 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻡ/ﻭﺍﺕ  ۸٦۱۷٥٤۲۰٫۰ Co - m/W 86175420.0 ytivitcudnoC
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ۷۸٫۰۹٥۱ Co - gK/J 78.0951 taeH cificepS
        
 3200 :edoC lairetaM
 cibarA hsilgnE
 emaN
 ,.ni 1 ,decafnu ,etarunaycosiyloP
 ﺍﻟﻣﺎﺩﺓ R-9.5ﺑﻭﺻﺔ ،  ۱ﺍﻟﺑﻭﻟﻳﺳﻭﺳﻳﺎﻧﻭﺭﺍﻳﺕ  9.5R
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ٤٫٥۲ mm 4.52 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ٤۳۰٫۱ W/Co - 2m 430.1 eulaV R
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻳﻠﻭ ﺟﻭﻝ ﻛ  ۷۲۰٫٤۲ 3m/gk 720.42 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻡ/ﻭﺍﺕ  ۸٦۱۷٥٤۲۰٫۰ Co - m/W 86175420.0 ytivitcudnoC
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ۷۸٫۰۹٥۱ Co - gK/J 78.0951 taeH cificepS
 4200 :edoC lairetaM
 cibarA hsilgnE
 emaN
 ,.ni 2 ,decafnu ,etarunaycosiyloP
 ﺍﻟﻣﺎﺩﺓ 8.11Rﺑﻭﺻﺔ ،  ۲ﺍﻟﺑﻭﻟﻳﺳﻭﺳﻳﺎﻧﻭﺭﺍﻳﺕ  8.11R
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ۸٫۰٥ mm 8.05 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ۷٦۰٫۲ W/Co - 2m 760.2 eulaV R
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
  411
 
 
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ۷۲۰٫٤۲ 3m/gk 720.42 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺔ ﻣﺋﻭﻳﺔﺩﺭﺟ.ﻡ/ﻭﺍﺕ  ۸٦۱۷٥٤۲۰٫۰ Co - m/W 86175420.0 ytivitcudnoC
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ۷۸٫۰۹٥۱ Co - gK/J 78.0951 taeH cificepS
        
 5200 :edoC lairetaM
 cibarA hsilgnE
 emaN
 ,.ni 3 ,decafnu ,etarunaycosiyloP
 ﺍﻟﻣﺎﺩﺓ R-71ﺑﻭﺻﺔ ،  ۳ﺍﻟﺑﻭﻟﻳﺳﻭﺳﻳﺎﻧﻭﺭﺍﻳﺕ  71-R
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ۲٫٦۷ mm 2.67 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ۱۰۱٫۳ W/Co - 2m 101.3 eulaV R
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ۷۲۰٫٤۲ 3m/gk 720.42 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻡ/ﻭﺍﺕ  ۸٦۱۷٥٤۲۰٫۰ Co - m/W 86175420.0 ytivitcudnoC
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﺍﻡﻛﻳﻠﻭﺟﺭ/ﺟﻭﻝ  ۷۸٫۰۹٥۱ Co - gK/J 78.0951 taeH cificepS
        
 6200 :edoC lairetaM
 cibarA hsilgnE
 emaN
 ,.ni 3 ,decafnu ,etarunaycosiyloP
 ﺍﻟﻣﺎﺩﺓ 7.71Rﺑﻭﺻﺔ ،  ۳ﺍﻟﺑﻭﻟﻳﺳﻭﺳﻳﺎﻧﻭﺭﺍﻳﺕ  7.71R
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ۲٫٦۷ mm 2.67 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ۱۰۱٫۳ W/Co - 2m 101.3 eulaV R
ﺗﻘﺎﻝ ﻣﻌﺎﻣﻝ ﺍﻧ
 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ۷۲۰٫٤۲ 3m/gk 720.42 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻡ/ﻭﺍﺕ  ۸٦۱۷٥٤۲۰٫۰ Co - m/W 86175420.0 ytivitcudnoC
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ۷۸٫۰۹٥۱ Co - gK/J 78.0951 taeH cificepS
        
 7200 :edoC lairetaM
 cibarA hsilgnE
 emaN
 ,.ni 5.3 ,decafnu ,etarunaycosiyloP
 ﺍﻟﻣﺎﺩﺓ 7.02Rﺑﻭﺻﺔ ،  ٥٫۳ﺍﻟﺑﻭﻟﻳﺳﻭﺳﻳﺎﻧﻭﺭﺍﻳﺕ  7.02R
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ۹٫۸۸ mm 9.88 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ۸۱٦٫۳ W/Co - 2m 816.3 eulaV R
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
 ﺔﺍﻟﻛﺛﺎﻓ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ۷۲۰٫٤۲ 3m/gk 720.42 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻡ/ﻭﺍﺕ  ۸٦۱۷٥٤۲۰٫۰ Co - m/W 86175420.0 ytivitcudnoC
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ۷۸٫۰۹٥۱ Co - gK/J 78.0951 taeH cificepS
 8200 :edoC lairetaM
  511
 
 
 cibarA hsilgnE
 emaN
 ,.ni 4 ,decafnu ,etarunaycosiyloP
 ﺍﻟﻣﺎﺩﺓ R-32ﺑﻭﺻﺔ ،  ٤ﺍﻟﺑﻭﻟﻳﺳﻭﺳﻳﺎﻧﻭﺭﺍﻳﺕ  32-R
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ٦٫۱۰۱ mm 6.101 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ٥۳۱٫٤ W/Co - 2m 531.4 eulaV R
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ۷۲۰٫٤۲ 3m/gk 720.42 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻡ/ﻭﺍﺕ  ۸٦۱۷٥٤۲۰٫۰ Co - m/W 86175420.0 ytivitcudnoC
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ۷۸٫۰۹٥۱ Co - gK/J 78.0951 taeH cificepS
        
 9200 :edoC lairetaM
 cibarA hsilgnE
 ﺍﻟﻣﺎﺩﺓ ﺑﻭﺻﺔ ۱ﺍﻟﺑﻭﻟﻳﺳﺗﻳﺭﻳﻥ ﺍﻟﻣﺗﻣﺩﺩ  .ni 1 ,dednapxE ,enerytsyloP emaN
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ٤٫٥۲ mm 4.52 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ٤۳۷٫۰ W/Co - 2m 437.0 eulaV R
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ٤۲۳۸٫۸۲ 3m/gk 4238.82 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻡ/ﻭﺍﺕ  ۸۰٦٤۳۰٫۰ Co - m/W 806430.0 ytivitcudnoC
 Co - gK/J 580.4121 taeH cificepS
ﺩﺭﺟﺔ .ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ٥۸۰٫٤۱۲۱
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﻣﺋﻭﻳﺔ
        
 0300 :edoC lairetaM
 cibarA hsilgnE
 ﺍﻟﻣﺎﺩﺓ ﺑﻭﺻﺔ ٥۲٫۱ﺍﻟﺑﻭﻟﻳﺳﺗﻳﺭﻳﻥ ﺍﻟﻣﺗﻣﺩﺩ  .ni 52.1 ,dednapxE ,enerytsyloP emaN
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ٥۷٫۱۳ mm 57.13 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ۸۱۹٫۰ W/Co - 2m 819.0 eulaV R
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ۳۸٫۸۲٤۲ 3m/gk 4238.82 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻡ/ﻭﺍﺕ  ۸۰٦٤۳۰٫۰ Co - m/W 806430.0 ytivitcudnoC
 Co - gK/J 580.4121 taeH cificepS
ﺩﺭﺟﺔ .ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ٥۸۰٫٤۱۲۱
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﻣﺋﻭﻳﺔ
        
 1300 :edoC lairetaM
 cibarA hsilgnE
 ﺍﻟﻣﺎﺩﺓ ﺑﻭﺻﺔ  ۲/۱ﺍﻟﺑﻭﻟﻳﺳﺗﻳﺭﻳﻥ ﺍﻟﻣﺗﻣﺩﺩ  .ni 2/1 ,dednapxE ,enerytsyloP emaN
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ۷٫۲۱ mm 7.21 ssenkcihT
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ  ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ۷٦۳٫۰ W/Co - 2m 763.0 eulaV R
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 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ٤۲۳۸٫۸۲ 3m/gk 4238.82 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﻣﺋﻭﻳﺔ ﺩﺭﺟﺔ.ﻡ/ﻭﺍﺕ  ۸۰٦٤۳۰٫۰ Co - m/W 806430.0 ytivitcudnoC
 Co - gK/J 580.4121 taeH cificepS
ﺩﺭﺟﺔ .ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ٥۸۰٫٤۱۲۱
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﻣﺋﻭﻳﺔ
 2300 :edoC lairetaM
 cibarA hsilgnE
 ﺍﻟﻣﺎﺩﺓ ﺑﻭﺻﺔ ۲ﺍﻟﺑﻭﻟﻳﺳﺗﻳﺭﻳﻥ ﺍﻟﻣﺗﻣﺩﺩ  .ni 2 ,dednapxE ,enerytsyloP emaN
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ۸٫۰٥ mm 8.05 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ۸٦٤٫۱ W/Co - 2m 864.1 eulaV R
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ٤۲۳۸٫۸۲ 3m/gk 4238.82 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻡ/ﻭﺍﺕ  ۸۰٦٤۳۰٫۰ Co - m/W 806430.0 ytivitcudnoC
 Co - gK/J 580.4121 taeH cificepS
ﺩﺭﺟﺔ .ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ٥۸۰٫٤۱۲۱
 ﺍﻟﻧﻭﻋﻳﺔﺍﻟﺣﺭﺍﺭﺓ  ﻣﺋﻭﻳﺔ
        
 3300 :edoC lairetaM
 cibarA hsilgnE
 ﺍﻟﻣﺎﺩﺓ ﺑﻭﺻﺔ ۳ﺍﻟﺑﻭﻟﻳﺳﺗﻳﺭﻳﻥ ﺍﻟﻣﺗﻣﺩﺩ  .ni 3 ,dednapxE ,enerytsyloP emaN
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ۲٫٦۷ mm 2.67 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ۲۰۲٫۲ W/Co - 2m 202.2 eulaV R
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ۸۲٤۲۳۸٫ 3m/gk 4238.82 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻡ/ﻭﺍﺕ  ۸۰٦٤۳۰٫۰ Co - m/W 806430.0 ytivitcudnoC
 Co - gK/J 580.4121 taeH cificepS
ﺩﺭﺟﺔ .ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ٥۸۰٫٤۱۲۱
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﻣﺋﻭﻳﺔ
        
 4300 :edoC lairetaM
 cibarA hsilgnE
 ﺍﻟﻣﺎﺩﺓ ﺑﻭﺻﺔ ٤/۳ﺍﻟﺑﻭﻟﻳﺳﺗﻳﺭﻳﻥ ﺍﻟﻣﺗﻣﺩﺩ  .ni 4/3 ,dednapxE ,enerytsyloP emaN
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ٥۰٫۹۱ mm 50.91 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ٥٥٫۰ W/Co - 2m 55.0 eulaV R
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ٤۲۳۸٫۸۲ 3m/gk 4238.82 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺟﺔ ﻣﺋﻭﻳﺔﺩﺭ.ﻡ/ﻭﺍﺕ  ۸۰٦٤۳۰٫۰ Co - m/W 806430.0 ytivitcudnoC
 Co - gK/J 580.4121 taeH cificepS
ﺩﺭﺟﺔ .ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ٥۸۰٫٤۱۲۱
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﻣﺋﻭﻳﺔ
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 5300 :edoC lairetaM
 cibarA hsilgnE
 ﺍﻟﻣﺎﺩﺓ ﺑﻭﺻﺔ ٤ﺍﻟﺑﻭﻟﻳﺳﺗﻳﺭﻳﻥ ﺍﻟﻣﺗﻣﺩﺩ  .ni 4 ,dednapxE ,enerytsyloP emaN
 ﻟﺳﻣﺎﻛﺔﺍ ﻣﻡ ٤۸۹۸٥٫۱۰۱ mm 48985.101 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ٥۳۹٫۲ W/Co - 2m 539.2 eulaV R
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ٤۲۳۸٫۸۲ 3m/gk 4238.82 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻡ/ﻭﺍﺕ  ۸۰٦٤۳۰٫۰ Co - m/W 806430.0 ytivitcudnoC
 Co - gK/J 580.4121 taeH cificepS
ﺩﺭﺟﺔ .ﻡﻛﻳﻠﻭﺟﺭﺍ/ﺟﻭﻝ  ٥۸۰٫٤۱۲۱
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﻣﺋﻭﻳﺔ
 6300 :edoC lairetaM
 cibarA hsilgnE
 ﺍﻟﻣﺎﺩﺓ ﺑﻭﺻﺔ ۱ﺍﻟﺑﻭﻟﻲ ﺍﻟﻣﺗﻣﺩﺩ .ni 1 ,dednapxE ,enahteruyloP emaN
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ٤٫٥۲ mm 4.52 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ۳۰۱٫۱ W/Co - 2m 301.1 eulaV R
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ۷۲۰٫٤۲ 3m/gk 720.42 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻡ/ﻭﺍﺕ  ۲۳٤۱۰۳۲۰٫۰ Co - m/W 23410320.0 ytivitcudnoC
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ۷۸٫۰۹٥۱ Co - gK/J 78.0951 taeH cificepS
        
 7300 :edoC lairetaM
 cibarA hsilgnE
 ﺍﻟﻣﺎﺩﺓ ﺑﻭﺻﺔ ٥۲٫۱ﺍﻟﺑﻭﻟﻲ ﺍﻟﻣﺗﻣﺩﺩ .ni 52.1 ,dednapxE ,enahteruyloP emaN
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ٥۷٫۱۳ mm 57.13 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ۸۳٫۱ W/Co - 2m 83.1 eulaV R
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ۷۲۰٫٤۲ 3m/gk 720.42 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻡ/ﻭﺍﺕ  ۲۳٤۱۰۳۲۰٫۰ Co - m/W 23410320.0 ytivitcudnoC
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ۷۸٫۰۹٥۱ Co - gK/J 78.0951 taeH cificepS
        
 8300 :edoC lairetaM
 cibarA hsilgnE
 ﺍﻟﻣﺎﺩﺓ ﺑﻭﺻﺔ ۲/۱ﺍﻟﺑﻭﻟﻲ ﺍﻟﻣﺗﻣﺩﺩ .ni 2/1 ,dednapxE ,enahteruyloP emaN
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ٥۷٫۲۱ mm 57.21 ssenkcihT
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 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ۲٥٥٫۰ W/Co - 2m 255.0 eulaV R
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ۷۲۰٫٤۲ 3m/gk 720.42 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻡ/ﻭﺍﺕ  ۲۳٤۱۰۳۲۰٫۰ Co - m/W 23410320.0 ytivitcudnoC
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﺋﻭﻳﺔﺩﺭﺟﺔ ﻣ.ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ۷۸٫۰۹٥۱ Co - gK/J 78.0951 taeH cificepS
        
 9300 :edoC lairetaM
 cibarA hsilgnE
 ﺍﻟﻣﺎﺩﺓ ﺑﻭﺻﺔ ۲ﺍﻟﺑﻭﻟﻲ ﺍﻟﻣﺗﻣﺩﺩ .ni 2 ,dednapxE ,enahteruyloP emaN
 ﺍﻟﺳﻣﺎﻛﺔ ﻣﻡ ۸٫۰٥ mm 8.05 ssenkcihT
 ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ. ۲ﻡ/ ﻭﺍﺕ ۸۰۲٫۲ W/Co - 2m 802.2 eulaV R
ﻣﻌﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 ﺍﻟﺣﺭﺍﺭﺓ
 ﺍﻟﻛﺛﺎﻓﺔ ۳ﻡ/ ﻛﻳﻠﻭ ﺟﻭﻝ   ۷۲۰٫٤۲ 3m/gk 720.42 ytisneD
 ﺍﻟﻣﻭﺻﻠﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻡ/ﻭﺍﺕ  ۲۳٤۱۰۳۲۰٫۰ Co - m/W 23410320.0 ytivitcudnoC
 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻧﻭﻋﻳﺔ ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ.ﻛﻳﻠﻭﺟﺭﺍﻡ/ﺟﻭﻝ  ۷۸٫۰۹٥۱ Co - gK/J 78.0951 taeH cificepS
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Table 22: Scientific and Technical Expressions 
S. No English Term Arabic Term 
1. Shading Coefficient ﻝﻳﻠﻅﺗﻟﺍ ﻝﻣﺎﻌﻣ 
2. Light Transmission ءﻭﺿﻟﺍ ﻝﺎﻘﺗﻧﺍ 
3. U-Factor ﻲﻠﻛﻟﺍ ﺓﺭﺍﺭﺣﻟﺍ ﻝﺎﻘﺗﻧﺍ ﻝﻣﺎﻌﻣ 
4. Solar Heat Gain Coefficient ﺔﻳﺳﻣﺷﻟﺍ ﺓﺭﺍﺭﺣﻟﺍ ﺏﺎﺳﺗﻛﺍ ﻝﻣﺎﻌﻣ 
5. R-Value ﺓﺭﺍﺭﺣﻟﺍ ﻝﺎﻘﺗﻧﺍ ﻝﻣﺎﻌﻣ 
6. Conductivity ﺔﻳﻠﺻﻭﻣﻟﺍ 
7. Density ﺔﻓﺎﺛﻛﻟﺍ 
8. Specific Heat ﺔﻳﻋﻭﻧﻟﺍ ﺓﺭﺍﺭﺣﻟﺍ 
9. Static Pressure ﻥﻛﺎﺳﻟﺍ ﻁﻐﺿﻟﺍ 
10. Power ﺓﺭﺩﻘﻟﺍ 
11. Flow ﻥﺎﻳﺭﺟﻟﺍ 
12. Primary Loop Pressure Drop ﺔﻳﺋﺍﺩﺗﺑﻹﺍ ﺓﺭﺍﺩﻟﺍ ﻲﻓ ﻁﻐﺿﻟﺍ ﺽﺎﻔﺧﻧﺇ 
13. Impeller Efficiency ﻊﻓﺍﺩﻟﺍ ﺓءﺎﻔﻛ 
14. Motor Efficiency ﻙﺭﺣﻣﻟﺍ ﺓءﺎﻔﻛ 
15. Mechanical Efficiency ﺔﻳﻛﻳﻧﺎﻛﻳﻣﺍ ﺓءﺎﻔﻛﻟﺍ 
16. Drive Efficiency ﺔﻛﺭﺣﻟﺍ ﺓءﺎﻔﻛ 
17. Barometric Pressure ﻱﺭﺗﻣﻭﺭﺎﺑﻟﺍ ﻁﻐﺿﻟﺍ 
18. Thermal Absorptance ﻱﺭﺍﺭﺣﻟﺍ ﺹﺎﺻﺗﻣﻹﺍ 
19. Solar Absorptance ﻲﺳﻣﺷﻟﺍ ﺹﺎﺻﺗﻣﻹﺍ 
20. Visible Absorptance ﻲﺋﺭﻣﻟﺍ ﺹﺎﺻﺗﻣﻹﺍ 
21. Visible Transmittance ﺔﻳﺋﺭﻣﻟﺍ ﺔﻳﺫﺎﻔﻧﻟﺍ 
22. Mean Radiant Temperature ﻉﺎﻌﺷﻹﺍ ﺓﺭﺍﺭﺣ ﻝﺩﻌﻣ 
23. Relative Humidity ﺔﻳﺑﺳﻧﻟﺍ ﺔﺑﻭﻁﺭﻟﺍ 
24. Operative Temperature ﺔﻠﻣﺎﻌﻟﺍ ﺓﺭﺍﺭﺣﻟﺍ 
25. Solar Reflectance ﻲﺳﻣﺷﻟﺍ ﺱﺎﻛﻌﻧﻹﺍ 
26. Visible Reflectance ﻲﺋﺭﻣﻟﺍ ﺱﺎﻛﻌﻧﻹﺍ 
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              APPENDIX-C: Energy Plus output report of single 
zone with Arabic interface 
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  ﻭﻳﺎﺕﺟﺩﻭﻝ ﺍﻟﻣﺣﺗ
   ﺹ72 :01 0102/6/4، 420.0.0.4 sulPygrenEﺇﺻﺩﺍﺭ ﺍﻟﺑﺭﻧﺎﻣﺞ: 
 
  LMTHﺟﺩﻭﻝ ﺇﺧﺭﺍﺝ ﺍﻟﺗﻘﺭﻳﺭ ﻓﻲ ﺗﻧﺳﻳﻕ: 
  
  ﻣﺑﻧﻰ: ﻣﺑﻧﻰ
  
 049427 = #OMW  3YMTﻣﻁﺎﺭ ﺳﺎﻥ ﻓﺭﺍﻧﺳﻳﺳﻛﻭ ﺍﻟﺩﻭﻟﻲ ﻛﺎﻟﻳﻔﻭﺭﻧﻳﺎ ﺍﻟﻭﻻﻳﺎﺕ ﺍﻟﻣﺗﺣﺩﺓ ﺍﻷﻣﺭﻳﻛﻳﺔ : ﺍﻟﺑﻳﺋﺔ
  
 ٦۰-۰٤-۰۱۰۲ ٦۲:۷۲:۰۱: ﻣﺣﺎﻛﺎﺓ ﺍﻟﻁﺎﺑﻊ ﺍﻟﺯﻣﻧﻲ
  
  ﺟﺩﻭﻝ ﺍﻟﻣﺣﺗﻭﻳﺎﺕU
  
 ﻣﻠﺧﺹ ﺍﻷﺩﺍء ﺍﻟﺳﻧﻭﻱ ﻟﻣﺭﺍﻓﻕ ﺍﻟﺑﻧﺎء : ﺗﻘﺭﻳﺭ
  
  ﻛﺎﻣﻝ ﺍﻟﻣﺭﻓﻘﺔ: ﻟـ
  
 ٦۰-٤۰-۰۱۰۲ ٦۲:۷۲:۰۱: ﺍﻟﻁﺎﺑﻊ ﺍﻟﺯﻣﻧﻲ
  
 ﺳﺎﻋﺔ  ۰۰٫۰٦۷۸ﺍﻟﻘﻳﻡ ﺍﻟﺗﻲ ﺗﻡ ﺟﻣﻌﻬﺎ ﺧﻼﻝ  
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 ﺹ 72 :01 0102/6/4، 420.0.0.4 sulPygrenE: ﺇﺻﺩﺍﺭ ﺍﻟﺑﺭﻧﺎﻣﺞ
 ﺍﻟﻣﻭﻗﻊ ﻭﻣﺻﺩﺭ ﺍﻟﻁﺎﻗﺔ
 [۲ﻡ /ﻣﻳﺟﺎ ﺟﻭﻝ]ﺍﻟﻁﺎﻗﺔ ﻓﻲ ﻣﺳﺎﺣﺔ ﺍﻟﺑﻧﺎء ﺍﻟﻣﻛﻳﻔﺔ  [۲ﻡ /ﻣﻳﺟﺎ ﺟﻭﻝ]ﺇﺟﻣﺎﻟﻲ ﺍﻟﻁﺎﻗﺔ ﻓﻲ ﻣﻧﻁﻘﺔ ﺍﻟﺑﻧﺎء   [ﺟﻭﻝ]ﺇﺟﻣﺎﻟﻲ ﺍﻟﻁﺎﻗﺔ   
 89.08 89.08 18.81 ﻣﻭﻗﻊﺍﻟﻁﺎﻗﺔ ﺍﻹﺟﻣﺎﻟﻳﺔ ﻟﻠ
 89.08 89.08 18.81 ﺻﺎﻓﻲ ﺍﻟﻁﺎﻗﺔ ﺍﻟﻣﻭﻗﻊ
 64.652 64.652 75.95 ﺇﺟﻣﺎﻟﻲ ﻣﺻﺩﺭ ﺍﻟﻁﺎﻗﺔ
 64.652 64.652 75.95 ﺻﺎﻓﻲ ﻣﺻﺩﺭ ﺍﻟﻁﺎﻗﺔ
 
 
 ﻋﻭﺍﻣﻝ ﺗﺣﻭﻳﻝ ﻣﺻﺎﺩﺭ ﺍﻟﻁﺎﻗﺔ ﻓﻲ ﺍﻟﻣﻭﻗﻊ
  
 ﻋﺎﻣﻝ ﺍﻟﺗﺣﻭﻳﻝ ﻓﻲ ﺍﻟﻣﻭﻗﻊ< =ﺍﻟﻣﺻﺩﺭ 
 761.3 ﺍﻟﻛﻬﺭﺑﺎء
 480.1 ﺍﻟﻐﺎﺯ ﺍﻟﻁﺑﻳﻌﻲ
 650.1 ﺔ ﺍﻟﺗﺑﺭﻳﺩﻣﻘﺎﻁﻌ
 316.3 ﻣﻘﺎﻁﻌﺔ ﺍﻟﺗﺩﻓﺋﺔ
 3.0 ﺍﻟﺑﺧﺎﺭ
 50.1 ﺍﻟﺑﻧﺯﻳﻥ
 50.1 ﺩﻳﺯﻝ
 50.1 ﺍﻟﻔﺣﻡ
 50.1 ۱ﺯﻳﺕ ﺍﻟﻭﻗﻭﺩ ﺭﻗﻡ 
 50.1 ۲ﺯﻳﺕ ﺍﻟﻭﻗﻭﺩ ﺭﻗﻡ 
 50.1 ﺍﻟﺑﺭﻭﺑﺎﻥ
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 ﻣﺳﺎﺣﺔ ﺍﻟﺑﻧﺎء
 [۲ﻡ ]ﻣﻧﻁﻘﺔ   
 62.232 ﻣﺳﺎﺣﺔ ﺍﻟﺑﻧﺎء ﺍﻟﻛﻠﻳﺔ
ﺻﺎﻓﻲ ﺍﻟﻣﺳﺎﺣﺔ 
 ﺍﻟﻣﻛﻳﻔﺔ
 62.232
 0 ﺔﺍﻟﻣﺳﺎﺣﺔ ﺍﻟﻐﻳﺭ ﻣﻛﻳﻔ
 
 
 ﺍﻻﺳﺗﺧﺩﺍﻣﺎﺕ ﺍﻟﻧﻬﺎﺋﻳﺔ
 [۳ﻡ ]ﺍﻟﻣﻳﺎﻩ  [ﺟﻭﻝ]ﻣﻘﺎﻁﻌﺔ ﺍﻟﺗﺩﻓﺋﺔ  [ﺟﻭﻝ]ﻣﻘﺎﻁﻌﺔ ﺍﻟﺗﺑﺭﻳﺩ  [ﺟﻭﻝ]ﺍﻟﻭﻗﻭﺩ ﺍﻷﺧﺭﻯ  [ﺟﻭﻝ]ﺍﻟﻐﺎﺯ ﺍﻟﻁﺑﻳﻌﻲ  [ﺟﻭﻝ]ﺍﻟﻛﻬﺭﺑﺎء   
 0 0 0 0 0 77.81 ﺍﻟﺗﺩﻓﺋﺔ
 1.0 0 0 0 0 10.0 ﺍﻟﺗﺑﺭﻳﺩ
 0 0 0 0 0 0 ﺍﻹﺿﺎءﺓ ﺍﻟﺩﺍﺧﻠﻳﺔ
 0 0 0 0 0 0 ﺍﻹﺿﺎءﺓ ﺍﻟﺧﺎﺭﺟﻳﺔ
 0 0 0 0 0 0 ﻌﺩﺍﺕ ﺍﻟﺩﺍﺧﻠﻳﺔﺍﻟﻣ
 0 0 0 0 0 0 ﻣﻌﺩﺍﺕ ﺍﻟﺧﺎﺭﺟﻲ
 0 0 0 0 0 30.0 ﺍﻟﻣﺭﺍﻭﺡ
 0 0 0 0 0 0 ﻣﺿﺧﺎﺕ
 0 0 0 0 0 0 ﺍﻟﺭﻓﺽ ﺍﻟﺣﺭﺍﺭﺓ
 0 0 0 0 0 0 ﺍﻟﺗﺭﻁﻳﺏ
 0 0 0 0 0 0 ﺍﺳﺗﻌﺎﺩﺓ ﺍﻟﺣﺭﺍﺭﺓ
 0 0 0 0 0 0 ﺃﻧﻅﻣﺔ ﺍﻟﻣﻳﺎﻩ
 0 0 0 0 0 0 ﺍﻟﺗﺛﻠﻳﺞ
 0 0 0 0 0 0 ﻣﻭﻟﺩﺍﺕ ﻛﻬﺭﺑﺎﺋﻳﺔ
              
 1.0 0 0 0 0 18.81 ﻣﺟﻣﻭﻉ ﺍﻻﺳﺗﺧﺩﺍﻡ ﺍﻟﻧﻬﺎﺋﻲ
 ﻣﻼﺣﻅﺔ: ﺍﻟﻛﻬﺭﺑﺎء ﺗﺑﺩﻭ ﺍﻟﻣﺻﺩﺭ ﺍﻟﺭﺋﻳﺳﻲ ﻟﻠﺗﺩﻓﺋﺔ ﺍﺳﺗﻧﺎﺩﺍ ًﺇﻟﻰ ﺍﺳﺗﺧﺩﺍﻡ ﺍﻟﻁﺎﻗﺔ.
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 ﺍﻻﺳﺗﺧﺩﺍﻡ ﺍﻟﻧﻬﺎﺋﻲ ﺣﺳﺏ ﺍﻟﻔﺋﺔ ﺍﻟﻔﺭﻋﻳﺔ
 [۳ﻡ ]ﺍﻟﻣﻳﺎﻩ  [ﺟﻭﻝ]ﻣﻘﺎﻁﻌﺔ ﺍﻟﺗﺩﻓﺋﺔ  [ﺟﻭﻝ]ﻣﻘﺎﻁﻌﺔ ﺍﻟﺗﺑﺭﻳﺩ  [ﺟﻭﻝ]ﺍﻟﻭﻗﻭﺩ ﺍﻷﺧﺭﻯ  [ﺟﻭﻝ]ﺍﻟﻐﺎﺯ ﺍﻟﻁﺑﻳﻌﻲ  [ﺟﻭﻝ]ﺍﻟﻛﻬﺭﺑﺎء  ﺍﻟﻔﺋﺔ ﺍﻟﻔﺭﻋﻳﺔ  
 0 0 0 0 0 77.81 ﺍﻟﻌﺎﻣﺔ ﺍﻟﺗﺩﻓﺋﺔ
 1.0 0 0 0 0 10.0 ﺍﻟﻌﺎﻣﺔ ﺍﻟﺗﺑﺭﻳﺩ
 0 0 0 0 0 0 ﺍﻟﻌﺎﻣﺔ ﺍﻹﺿﺎءﺓ ﺍﻟﺩﺍﺧﻠﻳﺔ
 0 0 0 0 0 0 ﺍﻟﻌﺎﻣﺔ ﺍﻹﺿﺎءﺓ ﺍﻟﺧﺎﺭﺟﻳﺔ
 0 0 0 0 0 0 ﺍﻟﻌﺎﻣﺔ ﺍﻟﻣﻌﺩﺍﺕ ﺍﻟﺩﺍﺧﻠﻳﺔ
 0 0 0 0 0 0 ﺍﻟﻌﺎﻣﺔ ﻣﻌﺩﺍﺕ ﺍﻟﺧﺎﺭﺟﻲ
 0 0 0 0 0 30.0 ﻟﻌﺎﻣﺔﺍ ﺍﻟﻣﺭﺍﻭﺡ
 0 0 0 0 0 0 ﺍﻟﻌﺎﻣﺔ ﻣﺿﺧﺎﺕ
 0 0 0 0 0 0 ﺍﻟﻌﺎﻣﺔ ﺍﻟﺭﻓﺽ ﺍﻟﺣﺭﺍﺭﺓ
 0 0 0 0 0 0 ﺍﻟﻌﺎﻣﺔ ﺍﻟﺗﺭﻁﻳﺏ
 0 0 0 0 0 0 ﺍﻟﻌﺎﻣﺔ ﺍﺳﺗﻌﺎﺩﺓ ﺍﻟﺣﺭﺍﺭﺓ
 0 0 0 0 0 0 ﺍﻟﻌﺎﻣﺔ ﺃﻧﻅﻣﺔ ﺍﻟﻣﻳﺎﻩ
 0 0 0 0 0 0 ﺍﻟﻌﺎﻣﺔ ﺍﻟﺗﺛﻠﻳﺞ
 0 0 0 0 0 0 ﺍﻟﻌﺎﻣﺔ ﻣﻭﻟﺩﺍﺕ ﻛﻬﺭﺑﺎﺋﻳﺔ
 
 ﻭﻳﺗﻬﺎﻣﻌﺎﻳﻳﺭ ﺗﻡ ﺗﺳ
 ﺍﺳﺗﺧﺩﺍﻡ ﺍﻷﺩﺍﺓ ﺍﻟﻣﺳﺎﻋﺩﺓ ﺣﺳﺏ ﻣﺳﺎﺣﺔ ﺍﻟﻣﻧﻁﻘﺔ ﺍﻟﻣﻛﻳﻔﺔ
ﻣﻳﺟﺎ ]ﺷﺩﺓ ﺍﻟﻁﺎﻗﺔ ﺍﻟﻛﻬﺭﺑﺎﺋﻳﺔ   
 [۲ﻡ /ﺟﻭﻝ
ﻣﻳﺟﺎ ]ﺷﺩﺓ ﺍﻟﻐﺎﺯ ﺍﻟﻁﺑﻳﻌﻲ 
 [۲ﻡ /ﺟﻭﻝ
ﻣﻳﺟﺎ ]ﺷﺩﺓ ﺍﻟﻭﻗﻭﺩ ﺍﻷﺧﺭﻯ 
 [۲ﻡ /ﺟﻭﻝ
ﻣﻳﺟﺎ ]ﺷﺩﺓ ﻣﻘﺎﻁﻌﺔ ﺍﻟﺗﺑﺭﻳﺩ 
 [۲ﻡ /ﺟﻭﻝ
ﻣﻳﺟﺎ ]ﺷﺩﺓ ﻣﻘﺎﻁﻌﺔ ﺍﻟﺗﺩﻓﺋﺔ 
 [۲ﻡ /ﺟﻭﻝ
ﻡ ]ﺷﺩﺓ ﺍﻟﻣﺎء 
 [۲ﻡ /۳
 0 ﺫ 0 0 0 0 ءﺓﺍﻹﺿﺎ
ﺍﻟﺗﺩﻓﺋﺔ ﻭﺍﻟﺗﺑﺭﻳﺩ 
 ﻭﺍﻟﺗﻬﻭﻳﺔ
 0 0 0 0 0 89.08
 0 0 0 0 0 0 ﺃﺧﺭﻯ
 0 0 0 0 0 89.08 ﺇﺟﻣﺎﻟﻲ
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 ﺃﺣﻣﺎﻝ ﺍﻟﻛﻬﺭﺑﺎء ﺍﻟﻣﺭﺗﺎﺣﺔ
 ]%[ﻧﺳﺑﺔ ﺍﻟﻛﻬﺭﺑﺎء  [ﺟﻭﻝ]ﺍﻟﻛﻬﺭﺑﺎء   
 0 0 ﺇﻧﺷﺎء ﻗﻭﺓ ﻧﺎﺭﻳﺔ ﺍﻟﻭﻗﻭﺩ
 0 0 *ﺍﺭﺗﻔﺎﻉ ﺩﺭﺟﺔ ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﺣﺭﺍﺭﻳﺔ ﺍﻷﺭﺿﻳﺔ 
 0 0 ﺋﻳﺔﺍﻟﻁﺎﻗﺔ ﺍﻟﻔﻭﻟﺗﻳﺔ ﺍﻟﺿﻭ
 0 0 *ﻁﺎﻗﺔ ﺍﻟﺭﻳﺎﺡ 
 0 0 ﺍﻧﺧﻔﺎﺽ ﺻﺎﻓﻲ ﺍﻟﺗﺧﺯﻳﻥ ﻓﻲ ﺍﻟﻣﻭﻗﻊ
 0 0 ﻣﺟﻣﻭﻉ ﺍﻟﻣﺻﺎﺩﺭ ﺍﻟﻛﻬﺭﺑﺎﺋﻳﺔ ﻓﻲ ﺍﻟﻣﻭﻗﻊ
      
 001 18.81 ﺍﻟﻛﻬﺭﺑﺎء ﺍﻟﺗﻲ ﺗﺄﺗﻲ ﻣﻥ ﺍﻟﻣﻧﺷﺄﺓ ﺍﻟﻣﺳﺎﻋﺩﺓ
 0 0 ﻓﺎﺋﺽ ﺍﻟﻛﻬﺭﺑﺎء ﺍﻟﺭﺍﺟﻊ ﻟﻠﻣﻧﺷﺄﺓ ﺍﻟﻣﺳﺎﻋﺩﺓ
 001 18.81 ﺍﻟﻛﻬﺭﺑﺎء ﺍﻟﺻﺎﻓﻳﺔ ﻣﻥ ﺍﻟﻣﻧﺷﺄﺓ ﺍﻟﻣﺳﺎﻋﺩﺓ
      
 001 18.81 ﻣﺟﻣﻭﻉ ﺍﻟﻣﺻﺎﺩﺭ ﺍﻟﻛﻬﺭﺑﺎﺋﻳﺔ ﻓﻲ ﺍﻟﻣﻭﻗﻊ ﻭﺍﻟﻣﻧﺷﺄﺓ ﺍﻟﻣﺳﺎﻋﺩﺓ
 001 18.81 ﺇﺟﻣﺎﻟﻲ ﺍﺳﺗﺧﺩﺍﻣﺎﺕ ﺍﻟﻛﻬﺭﺑﺎء ﺍﻟﻧﻬﺎﺋﻳﺔ
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 ﺍﻟﻣﺻﺎﺩﺭ ﺍﻟﺣﺭﺍﺭﻳﺔ ﻓﻲ ﺍﻟﻣﻭﻗﻊ
 ]%[ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻣﺋﻭﻳﺔ  [ﺟﻭﻝ]ﺍﻟﺣﺭﺍﺭﺓ   
   0 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻣﺳﺗﺭﺩﺓ ﻟﻠﻣﺎء
   0 ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻣﺳﺗﺭﺩﺓ ﻣﻥ ﺗﺩﻓﺋﺔ ﺍﻟﻬﻭﺍء ﺑﺎﻟﻬﻭﺍء
   0 ﺣﺭﺍﺭﺓ ﺍﻟﻣﺳﺗﺭﺩﺓ ﻣﻥ ﺗﺑﺭﻳﺩﺍﻟﻬﻭﺍء ﺑﺎﻟﻬﻭﺍءﺍﻟ
   0 *ﺍﺭﺗﻔﺎﻉ ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﺣﺭﺍﺭﻳﺔ ﺍﻷﺭﺿﻳﺔ 
   0 ﺍﻟﻁﺎﻗﺔ ﺍﻟﺷﻣﺳﻳﺔ ﺍﻟﺣﺭﺍﺭﻳﺔ ﺍﻟﻣﺎﺋﻳﺔ
   0 ﺍﻟﻁﺎﻗﺔ ﺍﻟﺷﻣﺳﻳﺔ ﺍﻟﺣﺭﺍﺭﻳﺔ ﺍﻟﺟﻭﻳﺔ
   0 ﻣﺟﻣﻭﻉ ﺍﻟﻣﺻﺎﺩﺭ ﺍﻟﺣﺭﺍﺭﻳﺔ ﻓﻲ ﺍﻟﻣﻭﻗﻊ
 
 ﻣﻠﺧﺹ ﻣﺻﺩﺭ ﺍﻟﻣﻳﺎﻩ
 ]%[ﻧﺳﺑﺔ ﺍﻟﻣﻳﺎﻩ  [۳ﻡ ]ﺍﻟﻣﻳﺎﻩ   
 0 0 ﻣﻁﺎﺭﺟﻣﻊ ﻣﻳﺎﻩ ﺍﻷ
 0 0 ﻣﺟﻣﻭﻋﺔ ﺍﻟﻣﻛﺛﻔﺎﺕ
 0 0 ﺑﺋﺭ ﺍﻟﻣﻳﺎﻩ ﺍﻟﺟﻭﻓﻳﺔ
 0 0 ﻣﺻﺎﺩﺭ ﺍﻟﻣﻳﺎﻩ ﺍﻟﻛﻠﻳﺔ ﻓﻲ ﺍﻟﻣﻭﻗﻊ
 - - -
 0 0 ﺍﻟﺗﺧﺯﻳﻥ ﺍﻷﻭﻟﻰ
 0 0 ﺍﻟﺗﺧﺯﻳﻥ ﺍﻟﻧﻬﺎﺋﻲ
 0 0 ﺗﻐﻳﻳﺭ ﻓﻲ ﺍﻟﺗﺧﺯﻳﻥ
 - - -
 001 1.0 ﺍﻟﻣﻳﺎﻩ ﺍﻟﻣﺯﻭﺩﺓ ﻣﻥ ﺍﻟﻣﺭﺍﻓﻕ ﺍﻟﻣﺳﺎﻋﺩﺓ
 - - -
 001 1.0 ﻭﻣﺻﺎﺩﺭ ﺍﻟﻣﻳﺎﻩ ﻣﻥ ﺍﻟﻣﻧﺷﺄﺓ ﺍﻟﻣﺳﺎﻋﺩﺓﺍﻹﺟﻣﺎﻟﻲ ﻓﻲ ﺍﻟﻣﻭﻗﻊ، ﺗﻐﻳﻳﺭ ﻓﻲ ﺍﻟﺗﺧﺯﻳﻥ، 
 001 1.0 ﺇﺟﻣﺎﻟﻲ ﺍﺳﺗﺧﺩﺍﻣﺎﺕ ﺍﻟﻣﻳﺎﻩ ﺍﻟﻛﻠﻳﺔ
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 ﻣﻠﺧﺹ ﺍﻟﺭﺍﺣﺔ ﻭﻧﻘﻁﺔ ﺍﻟﺗﺣﺩﻳﺩ ﺍﻟﻐﻳﺭ ﻣﺣﻘﻘﺔ
 (ﺳﺎﻋﺎﺕ) ﻣﺭﻓﻕ  
 0 ﺍﻟﻔﺗﺭﺓ ﺍﻟﺯﻣﻧﻳﺔ ﺍﻟﺗﻲ ﻟﻡ ﻳﺗﻡ ﺗﺣﻘﻳﻕ ﺩﺭﺟﺔ ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻣﻁﻠﻭﺑﺔ ﺧﻼﻝ ﺍﻹﺷﻐﺎﻝ ﺑﺎﺳﺗﻌﻣﺎﻝ ﺍﻟﺗﺩﻓﺋﺔ
 0 ﺣﻘﻳﻕ ﺩﺭﺟﺔ ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻣﻁﻠﻭﺑﺔ ﺧﻼﻝ ﺍﻹﺷﻐﺎﻝ ﺑﺎﺳﺗﻌﻣﺎﻝ ﺍﻟﺗﺑﺭﻳﺩﺍﻟﻔﺗﺭﺓ ﺍﻟﺯﻣﻧﻳﺔ ﺍﻟﺗﻲ ﻟﻡ ﻳﺗﻡ ﺗ
 0 55 EARHSA-4002ﺍﻟﻔﺗﺭﺓ ﺍﻟﺯﻣﻧﻳﺔ ﺍﻟﺗﻲ ﻟﻡ ﻳﺗﻡ ﺗﺣﻘﻳﻕ ﺩﺭﺟﺔ ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻣﻁﻠﻭﺑﺔ ﺑﺎﻹﺷﺎﺭﺓ ﺇﻟﻰ 
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 .ﺇﻟﻰ ﺃﻥ ﺍﻟﺧﺎﺻﻳﺔ ﻏﻳﺭ ﻣﻁﺑﻘﺔ)*( ﺗﺷﻳﺭ ﺍﻟﻧﺟﻣﻳﺔ : ۱ﻣﻼﺣﻅﺔ 
  
  ﺟﺩﻭﻝ ﺍﻟﻣﺣﺗﻭﻳﺎﺕ
  
  ﺃﻋﻠﻰU
 ﻣﻠﺧﺹ ﺍﻷﺩﺍء ﺍﻟﺳﻧﻭﻱ ﻟﻣﺑﻧﻰ ﺍﻟﻣﺭﺍﻓﻕU
 ﺍﻟﺗﺣﻘﻕ ﻣﻥ ﺍﻹﺩﺧﺎﻝ ﻭﻣﻠﺧﺹ ﻧﺗﺎﺋﺞU
 ﻣﻠﺧﺹ ﻣﻛﻭﻧﺎﺕ ﺍﻟﺣﺎﺟﺔ ﺍﻟﻧﻬﺎﺋﻳﺔU
  ﻣﻠﺧﺹ ﺗﻐﻳﻳﺭ ﺍﻟﻣﻛﻭﻥU
  ﻣﻠﺧﺹ ﺳﻁﺢ ﺍﻟﺗﻅﻠﻳﻝ U
  ﻣﻭﺟﺯ ﺍﻟﺑﻳﺎﻧﺎﺕ ﺍﻟﻣﻧﺎﺧﻳﺔU
  ﻣﻠﺧﺹ ﺍﻟﻣﻐﻠﻑU
  ﻣﻠﺧﺹ ﺍﻟﺗﻅﻠﻳﻝU
  ﻣﻠﺧﺹ ﺍﻹﺿﺎءﺓU
  ﻣﻠﺧﺹ ﺍﻟﻣﻌﺩﺍﺕU
 ﺗﺣﺟﻳﻡ ﺍﻟﺗﺩﻓﺋﺔ ﻭﺍﻟﺗﺑﺭﻳﺩ ﻭﺍﻟﺗﻬﻭﻳﺔ ﻣﻠﺧﺹU
  ﻣﻠﺧﺹ ﺍﻟﻧﻅﺎﻡU
  ﻣﻠﺧﺹ ﺍﻟﻬﻭﺍء ﺍﻟﺧﺎﺭﺟﻲU
  ﻣﻠﺧﺹ ﺍﻟﻌﺩﺩ ﺍﻟﻛﺎﺋﻥU
  
  ﺟﺩﻭﻝ ﺍﻟﻣﺣﺗﻭﻳﺎﺕU
  
 ﻣﻠﺧﺹ ﺍﻟﺗﺣﻘﻕ ﻣﻥ ﺍﻹﺩﺧﺎﻝ ﺍﻟﻧﺗﺎﺋﺞ: ﺗﻘﺭﻳﺭ
  
  ﻛﺎﻣﻝ ﺍﻟﻣﺭﻓﻘﺔ: ﻟـ
  
 ٦۰-٤۰-۰۱۰۲ ٦۲:۷۲:۰۱: ﺍﻟﻁﺎﺑﻊ ﺍﻟﺯﻣﻧﻲ
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 ﺍﻟﻌﺎﻣﺔ
 ﻗﻳﻣﺔ  
 ﺹ 72 :01 0102/6/4، 420.0.0.4 sulPygrenE ﺇﺻﺩﺍﺭ ﺍﻟﺑﺭﻧﺎﻣﺞ ﻭﺍﻹﻧﺷﺎء
 049427 = #OMW  3YMTﻣﻁﺎﺭ ﺳﺎﻥ ﻓﺭﺍﻧﺳﻳﺳﻛﻭ ﺍﻟﺩﻭﻟﻲ ﻛﺎﻟﻳﻔﻭﺭﻧﻳﺎ ﺍﻟﻭﻻﻳﺎﺕ ﺍﻟﻣﺗﺣﺩﺓ ﺍﻷﻣﺭﻳﻛﻳﺔ  ﺍﻟﻁﻘﺱ
 26.73 [ﺩﺭﺟﺔ]ﺧﻁ ﺍﻟﻌﺭﺽ 
 4.221- [ﺩﺭﺟﺔ]ﺧﻁ ﺍﻟﻁﻭﻝ 
 2 [ﻡ]ﺍﻹﺭﺗﻔﺎﻉ 
 8- ﺍﻟﻣﻧﻁﻘﺔ ﺍﻟﺯﻣﻧﻳﺔ
 0 [ﺩﺭﺟﺔ]ﺯﺍﻭﻳﺔ ﻣﺣﻭﺭ ﺍﻟﺷﻣﺎﻝ 
 0 [ﺩﺭﺟﺔ]ﺩﻭﺭﺍﻥ ﺍﻟﻣﻠﺣﻕ 
 0678 [ﺳﺎﻋﺎﺕ]ﺳﺎﻋﺎﺕ ﺍﻟﻣﺣﺎﻛﺎﺓ 
 
 
 ﻣﻐﻠﻑ
 ﻧﺳﺑﺔ ﺇﻁﺎﺭ ﺍﻟﺟﺩﺍﺭ
 (ﺩﺭﺟﺔ ٥۱۳ﺇﻟﻰ  ٥۲۲)ﺍﻟﻐﺭﺑﻳﺔ  (ﺩﺭﺟﺔ ٥۲۲ﺇﻟﻰ  ٥۳۱)ﺍﻟﺟﻧﻭﺑﻳﺔ  (ﺩﺭﺟﺔ ٥۳۱ﺇﻟﻰ  ٥٤)ﺍﻟﺷﺭﻗﻳﺔ  (ﺩﺭﺟﺔ ٥٤-٥۱۳)ﺍﻟﺷﻣﺎﻟﻳﺔ  ﺇﺟﻣﺎﻟﻲ  
 86.96 86.96 86.96 86.9617.872 [۲ﻡ ]ﻟﺟﺩﺍﺭ ﺇﺟﻣﺎﻟﻲ ﻣﺳﺎﺣﺔ ﺍ
 0 0 0 0 0 [۲ﻡ ]ﻣﺳﺎﺣﺔ ﻓﺗﺣﺎﺕ ﺍﻟﻧﻭﺍﻓﺫ 
 0 0 0 0 0 ]%[ﻧﺳﺑﺔ ﺍﻟﻧﺎﻓﺫﺓ ﻟﻠﺟﺩﺍﺭ 
 
  
  031
 
 
 ﻧﺳﺑﺔ ﺍﻟﻛﻭﺓ ﻟﻠﺳﻘﻑ
 ﺇﺟﻣﺎﻟﻲ  
 62.232 [۲ﻡ ]ﺇﺟﻣﺎﻟﻲ ﻣﺳﺎﺣﺔ ﺍﻟﺳﻁﺢ 
 0 [۲ﻡ ]ﻣﺳﺎﺣﺔ ﺍﻟﻛﻭﺓ 
 0 ]%[ﻧﺳﺑﺔ ﺍﻟﻛﻭﺓ ﻟﻠﺳﻘﻑ 
 
 
 ﻣﻠﺧﺹ ﺍﻟﻣﻧﻁﻘﺔ
ﺍﻟﻣﺳﺎﺣﺔ   
 [۲ﻡ ]
/ ﻧﻌﻡ )ﺍﻟﻣﻛﻳﻔﺔ
 (ﻻ
ﻡ ]ﺣﺟﻡ 
 ﻣﺿﺎﻋﻔﺎﺕ [۳
ﺇﺟﻣﺎﻟﻲ ﻣﺳﺎﺣﺔ ﺍﻟﺟﺩﺍﺭ 
 [۲ﻡ ]
ﻣﺳﺎﺣﺔ ﺍﻟﻧﺎﻓﺫﺓ ﺍﻟﺯﺟﺎﺝ 
 [۲ﻡ ]
ﻡ /ﻭﺍﺕ]ﺍﻹﺿﺎءﺓ 
 [۲
ﻟﻛﻝ [ ۲ﻡ ]ﺍﻟﻧﺎﺱ 
 ﺷﺧﺹ
ﺍﻟﺗﻭﺻﻳﻝ ﻭﺍﻟﻌﻣﻠﻳﺔ 
 [۲ﻡ /ﻭﺍﺕ]
 0   0 0 17.872 1 88.1601 ﻧﻌﻡ 62.232 ﺍﻟﻣﻧﻁﻘﺔ ﺍﻟﺭﺋﻳﺳﻳﺔ
 0   0 0 17.872   88.1601   62.232 ﺇﺟﻣﺎﻟﻲ
 0   0 0 17.872   88.1601   62.232 ﻟﻲ ﺍﻟﻣﻛﻳﻑﺇﺟﻣﺎ
       0 0   0   0 ﺇﺟﻣﺎﻟﻲ ﺍﻟﻐﻳﺭ ﻣﻛﻳﻑ
 
 
  ﺟﺩﻭﻝ ﺍﻟﻣﺣﺗﻭﻳﺎﺕU
  
 ﺎﺋﻳﺔﻣﻠﺧﺹ ﻣﻛﻭﻧﺎﺕ ﺣﺎﺟﺔ ﺍﻟﻣﺳﺗﺧﺩﻡ ﺍﻟﻧﻬ
  
  ﺍﻟﻣﺭﻓﻕ ﺑﺎﻟﻛﺎﻣﻝ: ﻝ
  
 ٦۰-٤۰-۰۱۰۲ ٦۲:۷۲:۰۱: ﺍﻟﻁﺎﺑﻊ ﺍﻟﺯﻣﻧﻲ
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 ﺍﻻﺳﺗﺧﺩﺍﻡ ﺍﻟﻧﻬﺎﺋﻲ
 [ﺙ/۳ﻡ ]ﺍﻟﻣﻳﺎﻩ  [ﻭﺍﺕ]ﺍﻟﺑﺧﺎﺭ [ﻭﺍﺕ]ﻣﻘﺎﻁﻌﺔ ﺍﻟﺗﺑﺭﻳﺩ  [ﻭﺍﺕ]ﺍﻟﺑﺭﻭﺑﺎﻥ  [ﻭﺍﺕ]ﺍﻟﻐﺎﺯ ﺍﻟﻁﺑﻳﻌﻲ  [ﻭﺍﺕ]ﺍﻟﻛﻬﺭﺑﺎء   
 - - - - - 00:60-NAJ-42 ﻭﻗﺕ ﺍﻟﺫﺭﻭﺓ
 0 0 0 0 0 80.8323 ﺍﻟﺗﺩﻓﺋﺔ
 0 0 0 0 0 0 ﺑﺭﻳﺩﺍﻟﺗ
 0 0 0 0 0 0 ﺍﻹﺿﺎءﺓ ﺍﻟﺩﺍﺧﻠﻳﺔ
 0 0 0 0 0 0 ﺍﻹﺿﺎءﺓ ﺍﻟﺧﺎﺭﺟﻳﺔ
 0 0 0 0 0 0 ﺍﻟﻣﻌﺩﺍﺕ ﺍﻟﺩﺍﺧﻠﻳﺔ
 0 0 0 0 0 0 ﻣﻌﺩﺍﺕ ﺍﻟﺧﺎﺭﺟﻲ
 0 0 0 0 0 0 ﺍﻟﻣﺭﺍﻭﺡ
 0 0 0 0 0 0 ﻣﺿﺧﺎﺕ
 0 0 0 0 0 0 ﺍﻟﺭﻓﺽ ﺍﻟﺣﺭﺍﺭﺓ
 0 0 0 0 0 0 ﺍﻟﺗﺭﻁﻳﺏ
 0 0 0 0 0 0 ﺍﺳﺗﻌﺎﺩﺓ ﺍﻟﺣﺭﺍﺭﺓ
 0 0 0 0 0 0 ﺔ ﺍﻟﻣﻳﺎﻩﺃﻧﻅﻣ
 0 0 0 0 0 0 ﺍﻟﺗﺛﻠﻳﺞ
 0 0 0 0 0 0 ﻣﻭﻟﺩﺍﺕ ﻛﻬﺭﺑﺎﺋﻳﺔ
              
 0 0 0 0 0 80.8323 ﻣﺟﻣﻭﻉ ﺍﻻﺳﺗﺧﺩﺍﻡ ﺍﻟﻧﻬﺎﺋﻲ
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 ﺍﻻﺳﺗﺧﺩﺍﻡ ﺍﻟﻧﻬﺎﺋﻲ ﺣﺳﺏ ﺍﻟﻔﺋﺔ ﺍﻟﻔﺭﻋﻳﺔ
 [ﺙ/۳ﻡ ]ﺍﻟﻣﻳﺎﻩ  [ﻭﺍﺕ]ﺍﻟﺑﺧﺎﺭ [ﻭﺍﺕ]ﻣﻘﺎﻁﻌﺔ ﺍﻟﺗﺑﺭﻳﺩ  [ﻭﺍﺕ]ﺍﻟﺑﺭﻭﺑﺎﻥ  [ﻭﺍﺕ]ﺍﻟﻐﺎﺯ ﺍﻟﻁﺑﻳﻌﻲ  [ﻭﺍﺕ]ﺍﻟﻛﻬﺭﺑﺎء  ﺍﻟﻔﺋﺔ ﺍﻟﻔﺭﻋﻳﺔ  
 0 0 0 0 0 80.8323 ﺍﻟﻌﺎﻣﺔ ﺍﻟﺗﺩﻓﺋﺔ
 0 0 0 0 0 0 ﺍﻟﻌﺎﻣﺔ ﺍﻟﺗﺑﺭﻳﺩ
 0 0 0 0 0 0 ﺍﻟﻌﺎﻣﺔ ﺍﻹﺿﺎءﺓ ﺍﻟﺩﺍﺧﻠﻳﺔ
 0 0 0 0 0 0 ﺍﻟﻌﺎﻣﺔ ﺍﻹﺿﺎءﺓ ﺍﻟﺧﺎﺭﺟﻳﺔ
 0 0 0 0 0 0 ﺍﻟﻌﺎﻣﺔ ﺍﻟﻣﻌﺩﺍﺕ ﺍﻟﺩﺍﺧﻠﻳﺔ
 0 0 0 0 0 0 ﺍﻟﻌﺎﻣﺔ ﻣﻌﺩﺍﺕ ﺍﻟﺧﺎﺭﺟﻲ
 0 0 0 0 0 0 ﺍﻟﻌﺎﻣﺔ ﺍﻟﻣﺭﺍﻭﺡ
 0 0 0 0 0 0 ﺍﻟﻌﺎﻣﺔ ﻣﺿﺧﺎﺕ
 0 0 0 0 0 0 ﺍﻟﻌﺎﻣﺔ ﺍﻟﺭﻓﺽ ﺍﻟﺣﺭﺍﺭﺓ
 0 0 0 0 0 0 ﺍﻟﻌﺎﻣﺔ ﺍﻟﺗﺭﻁﻳﺏ
 0 0 0 0 0 0 ﺍﻟﻌﺎﻣﺔ ﺍﺳﺗﻌﺎﺩﺓ ﺍﻟﺣﺭﺍﺭﺓ
 0 0 0 0 0 0 ﺍﻟﻌﺎﻣﺔ ﺃﻧﻅﻣﺔ ﺍﻟﻣﻳﺎﻩ
 0 0 0 0 0 0 ﺍﻟﻌﺎﻣﺔ ﺍﻟﺗﺛﻠﻳﺞ
 0 0 0 0 0 0 ﺍﻟﻌﺎﻣﺔ ﻣﻭﻟﺩﺍﺕ ﻛﻬﺭﺑﺎﺋﻳﺔ
 
 
 ﺟﺩﻭﻝ ﺍﻟﻣﺣﺗﻭﻳﺎﺕU
 
 ﻣﻭﺟﺯ ﺍﻟﺑﻳﺎﻧﺎﺕ ﺍﻟﻣﻧﺎﺧﻳﺔ: ﺍﻟﺗﻘﺭﻳﺭ
 
 ﺍﻟﻣﺭﻓﻕ ﺑﺎﻟﻛﺎﻣﻝ: ﻝ
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 ﻳﻭﻡ ﺍﻟﺗﺻﻣﻳﻡ: ﻓﺗﺭﺓ ﺗﻐﻳﻳﺭ ﺍﻟﺣﺟﻡ
ﺓ ﺍﻟﺟﺎﻓﺔ ﺍﻟﻌﻅﻣﻰ ﺩﺭﺟﺔ ﺍﻟﺣﺭﺍﺭ  
 [ﺩﺭﺟﺔ ﻡ]
ﻧﻁﺎﻕ ﺩﺭﺟﺔ ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﻳﻭﻣﻳﺔ 
 [ﺩﺭﺟﺔ ﻡ]
ﻗﻳﻣﺔ 
 ﺍﻟﺭﻁﻭﺑﺔ
ﻧﻭﻉ 
 ﺍﻟﺭﻁﻭﺑﺔ
ﺳﺭﻋﺔ ﺍﻟﺭﻳﺎﺡ 
 [ﺙ/ﻡ]
ﺇﺗﺟﺎﻩ 
 ﺍﻟﺭﻳﺎﺡ
 %1 GLC NNA TPRA LTNI NOTELPATS REVNED
 021 4 0 6.51 2.51 6.23 BWM>=BD SNDNOC
 %99 GTH NNA TPRA LTNI NOTELPATS REVNED
 BD SNDNOC
 081 3.2 0 61- 0 61-
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 ﻣﻠﻑ ﺇﺣﺻﺎﺋﻳﺎﺕ ﺍﻟﻁﻘﺱ
 ﻗﻳﻣﺔ  
 3YMT_049427.PA.ltnI.ocsicnarF.naS_AC_ASU ﻣﺭﺟﻊ
 ASU AC pA ltnI ocsicnarF naS ﻣﻭﻗﻊ: ﺍﻟﻣﻭﻗﻊ
 '73 °73 N ﺧﻁ ﺍﻟﻌﺭﺽ
 '42 °221 W ﺧﻁ ﺍﻟﻁﻭﻝ
 sruoH 0.8- TMG ﺍﻟﻣﻧﻁﻘﺔ ﺍﻟﺯﻣﻧﻳﺔ
 level aes evoba m2 ﺍﻹﺭﺗﻔﺎﻉ
 aP103101 ﻉﺍﻟﺿﻐﻁ ﺍﻟﻘﻳﺎﺳﻳﺔ ﻓﻲ ﺍﻹﺭﺗﻔﺎ
 3YMT ﻣﺻﺩﺭ ﺍﻟﺑﻳﺎﻧﺎﺕ
 049427 ﻣﺣﻁﺔ ﺍﻷﺭﺻﺎﺩ
 ﻣﺣﺳﻭﺑﺔ ﻣﻥ ﻣﻠﻑ ﺍﻟﻁﻘﺱ ﺷﺭﻭﻁ ﺍﻟﺗﺻﻣﻳﻡ
 8.3 (ﺩﺭﺟﺔ ﻡ% )٦٫۹۹ﺗﺻﻣﻳﻡ ﺗﺳﺧﻳﻥ ﺍﻟﺣﺭﺍﺭﺓ 
 9.4 (ﺩﺭﺟﺔ ﻡ)٪  ۹۹ﺗﺻﻣﻳﻡ ﺗﺳﺧﻳﻥ ﺍﻟﺣﺭﺍﺭﺓ 
 5.8 (C% )٤٫۰ﺗﺻﻣﻳﻡ ﺩﺭﺟﺔ ﺍﻟﺗﺑﺭﻳﺩ 
 3.82 (C) ۱% ﺗﺻﻣﻳﻡ ﺩﺭﺟﺔ ﺍﻟﺗﺑﺭﻳﺩ 
 2.71 (C% )۲ﺗﺻﻣﻳﻡ ﺩﺭﺟﺔ ﺍﻟﺗﺑﺭﻳﺩ 
 °8.23 (C)ﺍﻟﺣﺩ ﺍﻷﻗﺻﻰ ﻟﺩﺭﺟﺔ ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﺟﺎﻓﺔ 
 nuJ-03 ﺩﺭﺟﺔ ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﺟﺎﻓﺔ ﺍﻟﻌﻅﻣﻰ ﺗﺣﺩﺙ ﺑـ
 °2.2 (C)ﺩﺭﺟﺔ ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﺟﺎﻓﺔ ﺍﻟﺩﻧﻳﺎ 
 naJ-42 ﺩﺭﺟﺔ ﺍﻟﺣﺭﺍﺭﺓ ﺍﻟﺟﺎﻓﺔ ﺍﻟﺩﻧﻳﺎ ﺗﺣﺩﺙ ﺑـ
 7.61 (C)ﺍﻟﻘﻳﻣﺔ ﺍﻟﻘﺻﻭﻯ ﻟﺩﺭﺟﺔ ﺣﺭﺍﺭﺓ ﺍﻟﻧﺩﻯ 
 yaM-41 ﻳﺣﺩﺙ ﺃﻗﺻﻰ ﻧﻘﻁﺔ ﺍﻟﻧﺩﻯ ﻋﻧﺩ
 6.5- (C)ﺍﻟﺩﻧﻳﺎ ﻟﺩﺭﺟﺔ ﺣﺭﺍﺭﺓ ﺍﻟﻧﺩﻯ  ﺍﻟﻘﻳﻣﺔ
 ceD-91 ﻧﻘﻁﺔ ﺍﻟﻧﺩﻯ ﺍﻟﺣﺩ ﺍﻷﺩﻧﻰ ﺗﺣﺩﺙ ﻋﻧﺩ
 esab (ﺩﺭﺟﺎﺕ ﻣﺋﻭﻳﺔ ۰۱ﻗﺎﻋﺩﺓ )ﺃﻳﺎﻡ   -ﺩﺭﺟﺔ ﺍﻟﺗﺩﻓﺋﺔ 
   (ﺩﺭﺟﺔ ﻣﺋﻭﻳﺔ ۸۱ﻗﺎﻋﺩﺓ )ﺃﻳﺎﻡ  -ﺩﺭﺟﺔ ﺍﻟﺗﺑﺭﻳﺩ 
 0 noitacifissalC neppöK
   noitpircseD neppöK
 )enilesab C°01( syad-eerged gnilooc launna 6341 - noitadnemmoceR neppöK
  531
 
 
  ﺟﺩﻭﻝ ﺍﻟﻣﺣﺗﻭﻳﺎﺕ
  
  ﻣﻠﺧﺹ ﺍﻟﻣﻐﻠﻑ: ﺗﻘﺭﻳﺭ
  
  ﺍﻟﻣﺭﻓﻕ ﺑﺎﻟﻛﺎﻣﻝ: ﻝ
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 ﺍﻷﺳﻁﺢ ﺍﻟﺧﺎﺭﺟﻳﺔ ﺍﻟﻛﺎﻣﺩﺓ
 ﺍﻻﻧﻌﻛﺎﺱ ﺍﻟﺑﻧﺎء  
ﻋﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ ﺍﻟﺣﺭﺍﺭﺓ  ﻣﻊ ﻓﻳﻠﻡ 
 [ﻙ-۲ﻡ /ﻭﺍﺕ]
ﻋﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ ﺍﻟﺣﺭﺍﺭﺓ ﺑﺩﻭﻥ ﻓﻳﻠﻡ 
 [ﻙ-۲ﻡ /ﻭﺍﺕ]
ﺇﺟﻣﺎﻟﻲ ﺍﻟﻣﺳﺎﺣﺔ 
 [۲ﻡ ]
ﺳﻣﺕ 
 [ﺩﺭﺟﺔ]
ﺍﻟﻣﻳﻝ 
 [ﺩﺭﺟﺔ]
ﺍﺗﺟﺎﻩ 
 ﺍﻟﻛﺎﺭﺩﻳﻧﺎﻝ
 S 09 081 86.96 634.0 14.0 52.0 LLAW31R 100LLAW:100NZ
 E 09 09 86.96 634.0 14.0 52.0 LLAW31R 200LLAW:100NZ
 N 09 0 86.96 634.0 14.0 52.0 LLAW31R 300LLAW:100NZ
 W 09 072 86.96 634.0 14.0 52.0 LLAW31R 400LLAW:100NZ
   0 081 62.232 381.0 771.0 52.0 13FOOR 100FOOR:100NZ
 
 ﺍﻟﺛﻘﻭﺏ
 ﺍﻟﺑﻧﺎء  
ﻣﺳﺎﺣﺔ ﺍﻟﻔﺗﺣﺔ 
 [۲ﻡ ]ﺍﻟﻭﺍﺣﺩﺓ 
ﺔ ﺍﻟﻔﺗﺣﺎﺕ ﻣﺳﺎﺣ
 [۲ﻡ ]
ﻋﺎﻣﻝ ﺍﻧﺗﻘﺎﻝ 
 [ﻙ-۲ﻡ /ﻭﺍﺕ]ﺍﻟﺣﺭﺍﺭﺓ
ﻋﺎﻣﻝ 
 ﺍﻟﺗﻅﻠﻳﻝ
ﻣﻧﺎﻓﺫﻩ 
 ﻣﺭﺋﻳﺔ
ﻣﺭﺍﻗﺑﺔ 
 ﺍﻟﺗﻅﻠﻳﻝ
ﺳﻁﺢ 
 ﺍﻷﺻﻝ
ﺳﻣﺕ 
 [ﺩﺭﺟﺔ]
ﺍﺗﺟﺎﻩ 
 ﺍﻟﻛﺎﺭﺩﻳﻧﺎﻝ
         - - - 0     ﻣﺟﻣﻭﻉ ﺃﻭ ﻣﺗﻭﺳﻁ
ﺍﻟﺷﻣﺎﻝ ﺍﻟﻣﺟﻣﻭﻉ ﺃﻭ 
 ﺍﻟﻣﺗﻭﺳﻁ
         - - - 0    
ﺍﻟﻣﺟﻣﻭﻉ ﺃﻭ ﺍﻟﻣﺗﻭﺳﻁ 
 ﺍﻟﻐﻳﺭ ﺷﻣﺎﻟﻳﺔ
         - - - 0    
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  ﺟﺩﻭﻝ ﺍﻟﻣﺣﺗﻭﻳﺎﺕ
  
  ﻣﻠﺧﺹ ﺍﻟﺗﻅﻠﻳﻝ : ﺗﻘﺭﻳﺭ
  
  ﻣﺭﻓﻕ ﺑﺎﻟﻛﺎﻣﻝ: ﻝ
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 ﺍﻟﻘﺳﻡ ﺍﻟﻣﺷﻣﺱ
  
 12 hcraM
 ma9
 12 hcraM
 noon
 12 hcraM
 mp3
 12 enuJ
 ma9
 12 enuJ
 noon
 12 enuJ
 mp3
 12 rebmeceD
 ma9
 12 rebmeceD
 noon
 12 rebmeceD
 mp3
ﻻ 
 ﺷﻲء
                  
 
 
 ﺗﺣﻛﻡ ﺍﻟﻧﻭﺍﻓﺫ
 ﻭﻫﺞ ﺍﻟﺗﺣﻛﻡ ﻋﻧﺻﺭ ﺍﻟﺗﺣﻛﻡ ﺍﻟﺑﻧﺎء ﺍﻟﻣﻅﻠﻠﺔ ﻧﻭﻉ ﺍﺳﻡ  
           ﻻ ﺷﻲء
 
 
 
  
  ﺟﺩﻭﻝ ﺍﻟﻣﺣﺗﻭﻳﺎﺕU
  
  ﻣﻠﺧﺹ ﺍﻹﺿﺎءﺓ: ﺍﻟﺗﻘﺭﻳﺭ
  ﺍﻟﻣﺭﻓﻕ ﺑﺎﻟﻛﺎﻣﻝ: ﻝ
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 ﺍﻹﺿﺎءﺓ ﺍﻟﺩﺍﺧﻠﻳﺔ
 ﺍﻟﻣﻧﻁﻘﺔ  
ﻛﺛﺎﻓﺔ ﺍﻟﻁﺎﻗﺔ ﺍﻟﺿﻭﺋﻳﺔ 
 [۲ﻡ /ﺍﺕﻭ]
ﻣﺳﺎﺣﺔ ﺍﻟﻣﻧﻁﻘﺔ 
 [۲ﻡ ]
ﺇﺟﻣﺎﻟﻲ ﺍﻟﻁﺎﻗﺔ 
 [ﻭﺍﺕ]
ﺍﻟﻔﺋﺔ ﺍﻟﻔﺭﻋﻳﺔ 
 ﻟﻼﺳﺗﺧﺩﺍﻡ ﺍﻟﻧﻬﺎﺋﻲ
ﺍﺳﻡ 
 ﺍﻟﺟﺩﻭﻝ
ﺍﺳﺑﻭﻉ /ﻣﺗﻭﺳﻁ ﺳﺎﻋﺎﺕ
 [ﺳﺎﻋﺔ]
ﺟﺯء ﺍﻟﻬﻭﺍء 
 ﺍﻟﺭﺍﺟﻊ
ﻣﻛﻳﻔﺔ 
 (ﻻ/ ﻧﻌﻡ)
ﺇﺟﻣﺎﻟﻲ ﺍﻹﺿﺎءﺓ 
 ﺍﻟﺩﺍﺧﻠﻳﺔ
           0 0 0  
 
 
 ﺍﻹﺿﺎءﺓ ﺍﻟﻳﻭﻣﻳﺔ
 [ﻭﺍﺕ]ﺍﻹﺿﺎءﺓ ﺍﻟﺗﺣﻛﻡ  [ﻭﺍﺕ]ﺍﻹﺿﺎءﺓ ﺍﻟﻣﺛﺑﺗﺔ ﻓﻲ ﺍﻟﻣﻧﻁﻘﺔ  ﺭ ﺍﻟﺗﺣﻛﻡﻛﺳ ﻧﻭﻉ ﺍﻟﺗﺣﻛﻡ ﻧﻭﻉ ﺍﻹﺿﺎءﺓ ﺍﻟﻳﻭﻣﻳﺔ ﺍﻟﻣﻧﻁﻘﺔ  
             ﻻ ﺷﻲء
 
 
 ﺍﻹﺿﺎءﺓ ﺍﻟﺧﺎﺭﺟﻳﺔ
 ﺃﺳﺎﺑﻳﻊ/ ﺍﻟﻣﺗﻭﺳﻁ ﺍﻟﺳﻧﻭﻱ ﺳﺎﻋﺎﺕ    ﺍﺳﻡ ﺍﻟﺟﺩﻭﻝ ﺟﺩﻭﻝ/ﺳﺎﻋﺔ ﻓﻠﻛﻳﻪ ﻣﺟﻣﻭﻉ ﺍﻟﻭﺍﺕ  
       0 ﺇﺟﻣﺎﻟﻲ ﺍﻹﺿﺎءﺓ ﺍﻟﺧﺎﺭﺟﻳﺔ
 
 
  ﺟﺩﻭﻝ ﺍﻟﻣﺣﺗﻭﻳﺎﺕU
  
  ﻣﻠﺧﺹ ﺍﻟﻣﻌﺩﺍﺕ: ﺍﻟﺗﻘﺭﻳﺭ
  ﺍﻟﻣﺭﻓﻕ ﺑﺎﻟﻛﺎﻣﻝ: ﻝ
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 ﺍﻟﻣﻌﻣﻝ ﺍﻟﻣﺭﻛﺯﻱ
 [ﻭﺍﺕ/ﻭﺍﺕ]ﺍﻟﻛﻔﺎءﺓ ﺍﻷﺳﻣﻳﺔ  [ﻭﺍﺕ]ﺍﻟﺳﻌﺔ ﺍﻻﺳﻣﻳﺔ  ﻧﻭﻉ  
       ﻻ ﺷﻲء
 
 
 ﻟﻔﺎﺋﻑ ﺍﻟﺗﺑﺭﻳﺩ 
 [ﻭﺍﺕ/ ﻭﺍﺕ ]ﺍﻟﻛﻔﺎءﺓ ﺍﻷﺳﻣﻳﺔ  ﻧﺳﺑﺔ ﺍﻟﺣﺭﺍﺭﺓ ﺍﻷﺳﻣﯩﺔ ﺍﻟﺣﺳﻳﺔ [ﻭﺍﺕ]ﺍﻟﺳﻌﺔ ﺍﻻﺳﻣﻳﺔ ﺍﻟﻛﺎﻣﻧﺔ  [ﻭﺍﺕ]ﺍﻟﺳﻌﺔ ﺍﻻﺳﻣﻳﺔ ﺍﻟﺣﺳﻳﺔ  [ﻭﺍﺕ]ﺍﻟﻘﺩﺭﺓ ﺍﻻﺳﻣﻳﺔ ﺍﻹﺟﻣﺎﻟﻳﺔ  ﻧﻭﻉ  
            ﻻ ﺷﻲء
 
 
 ﻟﻔﺎﺋﻑ ﺍﻟﺗﺳﺧﻳﻥ
 [ﻭﺍﺕ/ ﻭﺍﺕ ]ﺍﻷﺳﻣﻳﺔ  ﺍﻟﻛﻔﺎءﺓ [ﻭﺍﺕ]ﺍﻟﻘﺩﺭﺓ ﺍﻻﺳﻣﻳﺔ ﺍﻹﺟﻣﺎﻟﻳﺔ  ﻧﻭﻉ  
      ﻻ ﺷﻲء
 
 
 ﻣﺭﺍﻭﺡ
 ﻧﻭﻉ  
/ ﻭﺍﺕ ]ﺍﻟﻛﻔﺎءﺓ ﺍﻹﺟﻣﺎﻟﻳﺔ 
 [ﻭﺍﺕ
ﻓﺭﻕ ﺍﻟﺿﻐﻁ 
 [ﺑﺎﺳﻛﺎﻝ]
ﻡ ]ﺃﻗﺻﻰ ﻣﻌﺩﻝ ﺗﺩﻓﻕ 
 [ﺙ/۳
ﻣﻘﺩﺍﺭ 
 [ﻭﺍﺕ]ﺍﻟﻁﺎﻗﺔ
ﺣﺭﺍﺭﺓ ﺍﻟﻣﺣﺭﻙ ﻓﻲ ﻛﺳﺭ 
 ﺍﻟﻬﻭﺍء
ﺍﻻﺳﺗﺧﺩﺍﻡ 
 ﺍﻟﻧﻬﺎﺋﻲ
ﻣﺭﻭﺣﺔ 
 ﺍﻟﺩﻓﻊ
ﺣﺟﻡ : ﻣﺭﻭﺣﺔ 
 ﺛﺎﺑﺕ
 ﺍﻟﻌﺎﻣﺔ 1 92.4171 2 006 7.0
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 ﻣﺿﺧﺎﺕ
 [ﻭﺍﺕ/ ﻭﺍﺕ ]ﻛﻔﺎءﺓ ﺍﻟﻣﺣﺭﻙ  [ﻭﺍﺕ]ﺍﻟﻣﻘﺩﺭﺓ  [ﺑﺎﺳﻛﺎﻝ]ﺍﻟﺿﻐﻁ ﺍﻟﺭﺃﺳﻲ  ﻋﻧﺻﺭ ﺍﻟﺗﺣﻛﻡ ﻧﻭﻉ  
          ﻻ ﺷﻲء
 
 
 ﺗﺳﺧﻳﻥ ﻣﻳﺎﻩ ﺍﻟﺧﺩﻣﺔ
 ﻣﻌﺎﻣﻝ ﺍﻟﻁﺎﻗﺔ [ﻭﺍﺕ/ ﻭﺍﺕ ]ﻛﻔﺎءﺓ ﺍﻻﺳﺗﺭﺩﺍﺩ  [ﻭﺍﺕ/ ﻭﺍﺕ ]ﺍﻟﻛﻔﺎءﺓ ﺍﻟﺣﺭﺍﺭﻳﺔ  [ﻭﺍﺕ]ﺇﺩﺧﺎﻝ  [۳ﻡ ]ﺣﺟﻡ ﺍﻟﺗﺧﺯﻳﻥ  ﻧﻭﻉ  
            ﻻ ﺷﻲء
 
 
  ﺟﺩﻭﻝ ﺍﻟﻣﺣﺗﻭﻳﺎﺕU
  
ﻣﻠﺧﺹ ﺍﻟﺗﻐﻳﻳﺭ ﻟﻠﺗﺩﻓﺋﺔ ﻭﺍﻟﺗﺑﺭﻳﺩ : ﺍﻟﺗﻘﺭﻳﺭ
 ﻭﺍﻟﺗﻬﻭﻳﺔ
  
  ﺍﻟﻣﺭﻓﻕ ﺑﺎﻟﻛﺎﻣﻝ: ﻝ
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 ﺗﺑﺭﻳﺩ ﺍﻟﻣﻧﻁﻘﺔ 
ﺗﺻﻣﻳﻡ ﺍﻟﺣﻣﻝ   
 [ﻭﺍﺕ]
ﺗﺻﻣﻳﻡ ﺗﺩﻓﻕ ﺍﻟﻬﻭﺍء 
 [ﺙ/۳ﻡ ]ﺍﻟﻣﺣﺳﻭﺏ 
ﺗﺻﻣﻳﻡ ﺗﺩﻓﻕ ﺍﻟﻬﻭﺍء 
 [ﺙ/۳ﻡ ]ﺍﻟﻣﺩﺧﻝ 
ﺍﺳﻡ ﻳﻭﻡ 
 ﺍﻟﺗﺻﻣﻳﻡ
ﺍﻟﺗﺎﺭﻳﺦ ﻭﺍﻟﻭﻗﺕ ﻟﻠﺩﺭﺟﺔ 
 ﺍﻟﻘﺻﻭﻯ
ﺩﺭﺟﺔ ﺍﻟﺣﺭﺍﺭﺓ ﻓﻲ ﺫﺭﻭﺓ 
 [ﺩﺭﺟﺔ ﻡ]
ﻛﻎ ]ﻧﺳﺑﺔ ﺍﻟﺭﻁﻭﺑﺔ ﻓﻲ ﺍﻟﺫﺭﻭﺓ 
 [ﻛﻎ ﻫﻭﺍء/ ﻣﺎء 
ﻻ 
 ﺷﻲء
              
 
 
 ﺗﺳﺧﻳﻥ ﺍﻟﻣﻧﻁﻘﺔ 
 
ﻣﻳﻡ ﺍﻟﺣﻣﻝ ﺗﺻ  
 [ﻭﺍﺕ]
ﺗﺻﻣﻳﻡ ﺗﺩﻓﻕ ﺍﻟﻬﻭﺍء 
 [ﺙ/۳ﻡ ]ﺍﻟﻣﺣﺳﻭﺏ 
ﺗﺻﻣﻳﻡ ﺗﺩﻓﻕ ﺍﻟﻬﻭﺍء 
 [ﺙ/۳ﻡ ]ﺍﻟﻣﺩﺧﻝ 
ﺍﺳﻡ ﻳﻭﻡ 
 ﺍﻟﺗﺻﻣﻳﻡ
ﺍﻟﺗﺎﺭﻳﺦ ﻭﺍﻟﻭﻗﺕ ﻟﻠﺩﺭﺟﺔ 
 ﺍﻟﻘﺻﻭﻯ
ﺩﺭﺟﺔ ﺍﻟﺣﺭﺍﺭﺓ ﻓﻲ ﺫﺭﻭﺓ 
 [ﺩﺭﺟﺔ ﻡ]
ﻛﻎ ]ﻧﺳﺑﺔ ﺍﻟﺭﻁﻭﺑﺔ ﻓﻲ ﺍﻟﺫﺭﻭﺓ 
 [ﻛﻎ ﻫﻭﺍء/ ﻣﺎء 
ﻻ 
 ﺷﻲء
              
 
 
 ﺗﺻﻣﻳﻡ ﻣﻌﺩﻻﺕ ﺗﺩﻓﻕ ﺍﻟﻬﻭﺍء ﻟﻠﻧﻅﺎﻡ
 [ﺙ/۳ﻡ ]ﺍﻟﺗﺩﻓﺋﺔ ﺍﻟﻣﺩﺧﻠﺔ  [ﺙ/۳ﻡ ]ﺍﻟﺗﺩﻓﺋﺔ ﺍﻟﻣﺣﺳﻭﺑﺔ  [ﺙ/۳ﻡ ]ﺍﻟﺗﺑﺭﻳﺩ ﺍﻟﻣﺩﺧﻝ  [ﺙ/۳ﻡ ]ﺍﻟﺗﺑﺭﻳﺩ ﺍﻟﻣﺣﺳﻭﺏ   
        ﻻ ﺷﻲء
 
 
  ﺟﺩﻭﻝ ﺍﻟﻣﺣﺗﻭﻳﺎﺕU
  
  ﻣﻠﺧﺹ ﺍﻟﻧﻅﺎﻡ: ﺗﻘﺭﻳﺭ
  
  ﺍﻟﻣﺭﻓﻕ ﺑﺎﻟﻛﺎﻣﻝ: ﻝ
  
 ٦۰-٤۰-۰۱۰۲ ٦۲:۷۲:۰۱: ﺍﻟﻁﺎﺑﻊ ﺍﻟﺯﻣﻧﻲ
 
  141
 
 
 
 ﺍﻟﻣﻭﻓﺭ
ﺗﺣﻛﻡ ﺍﻹﻏﻼﻕ   
 ﻟﻠﺣﺩ ﺍﻟﻣﺭﺗﻔﻊ
ﺍﻟﺣﺩ ﺍﻷﺩﻧﻰ ﻟﻠﻬﻭﺍء 
 [ﺙ/۳ﻡ ]ﺍﻟﺧﺎﺭﺟﻲ 
ﺍﻟﺣﺩ ﺍﻷﻗﺻﻰ ﻟﻠﻬﻭﺍء 
 [ﺙ/۳ﻡ ]ﺍﻟﺧﺎﺭﺟﻲ 
ﺣﺩ ﺩﺭﺟﺔ ﺣﺭﺍﺭﺓ 
 ﺍﻟﻬﻭﺍء ﺍﻟﺭﺍﺟﻊ
ﺣﺩ ﺍﻹﻧﺛﺎﻟﺑﻲ 
 ﻟﻠﻬﻭﺍء ﺍﻟﺭﺍﺟﻊ
ﺟﺔ ﺣﺭﺍﺭﺓ ﺍﻟﻬﻭﺍء ﺣﺩ ﺩﺭ
 [ﺩﺭﺟﺔ ﻡ]ﺍﻟﺧﺎﺭﺟﻲ 
ﺣﺩ ﺍﻹﻧﺛﺎﻟﺑﻲ ﻟﻠﻬﻭﺍء 
 [ﺩﺭﺟﺔ ﻡ]ﺍﻟﺧﺎﺭﺟﻲ 
ﻻ 
 ﺷﻲء
              
 
 
 ﺍﺳﺗﺧﺩﺍﻡ ﻭﺣﺩﺓ ﺍﻟﺗﺣﻛﻡ ﻟﻠﺗﺣﻛﻡ ﺑﻣﻘﺩﺍﺭ ﺍﻟﺣﺎﺟﺔ ﻟﻠﺗﻬﻭﻳﺔ : "ﺍﻟﺗﻬﻭﻳﺔ ﺍﻟﻣﻳﻛﺎﻧﻳﻛﻳﺔ"
ﺍﺳﻡ ﺍﻟﺗﻬﻭﻳﺔ : ﺍﻟﻣﺗﺣﻛﻡ   
 ﺍﻟﻣﻳﻛﺎﻧﻳﻛﻳﺔ
ﻡ ]ﺍﻟﻬﻭﺍء ﺍﻟﺧﺎﺭﺟﻲ ﻟﻛﻝ ﺷﺧﺹ 
 [ﺷﺧﺹ-ﺛﺎﻧﻳﺔ/۳
ﻡ ]ﺟﻲ ﻟﻠﻣﺳﺎﺣﺔ ﺍﻟﻬﻭﺍء ﺍﻟﺧﺎﺭ
 [۲ﻡ -ﺛﺎﻧﻳﺔ/۳
ﻓﻌﺎﻟﻳﺔ ﺗﻭﺯﻳﻊ ﺍﻟﻬﻭﺍء ﻓﻲ 
 ﻭﺿﻊ ﺍﻟﺗﺑﺭﻳﺩ
ﻓﻌﺎﻟﻳﺔ ﺗﻭﺯﻳﻊ ﺍﻟﻬﻭﺍء ﻓﻲ 
 ﻭﺿﻊ ﺍﻟﺗﺳﺧﻳﻥ
ﺟﺩﻭﻝ ﻓﻌﺎﻟﻳﺔ 
 ﺗﻭﺯﻳﻊ ﺍﻟﻬﻭﺍء
ﻻ 
 ﺷﻲء
            
 
 
 4002-55 EARHSAﺍﻟﻭﻗﺕ ﻏﻳﺭ ﺍﻟﻣﺭﻳﺢ ﺍﺳﺗﻧﺎﺩﺍ ًﺇﻟﻰ 
 [ﺳﺎﻋﺔ]ﺷﺗﻭﻳﺔ ﺍﻟﻛﺳﻭﺓ ﺍﻟﺻﻳﻔﻳﺔ ﺃﻭ ﺍﻟ [ﺳﺎﻋﺔ]ﺍﻟﻛﺳﻭﺓ ﺍﻟﺻﻳﻔﻳﺔ  [ﺳﺎﻋﺔ]ﺍﻟﻛﺳﻭﺓ ﺍﻟﺷﺗﻭﻳﺔ  
 0 0 0 ﺍﻟﻣﻧﻁﻘﺔ ﺍﻟﺭﺋﻳﺳﻳﺔ
 0 0 0 ﺍﻟﻣﺭﻓﻕ
 
 
 ﻭﻗﺕ ﺩﺭﺟﺔ ﺍﻟﺗﺣﺩﻳﺩ ﺍﻟﻐﻳﺭ ﻣﺣﻘﻘﺔ
 [ﺳﺎﻋﺔ]ﺃﺛﻧﺎء ﻋﻣﻝ ﺍﻟﺗﺑﺭﻳﺩ  [ﺳﺎﻋﺔ]ﺃﺛﻧﺎء ﻋﻣﻝ ﺍﻟﺗﺩﻓﺋﺔ  [ﺳﺎﻋﺔ]ﺃﺛﻧﺎء ﺍﻟﺗﺑﺭﻳﺩ [ﺳﺎﻋﺔ]ﺃﺛﻧﺎء ﺍﻟﺗﺩﻓﺋﺔ  
 0 0 5.5004 0 ﺍﻟﻣﻧﻁﻘﺔ ﺍﻟﺭﺋﻳﺳﻳﺔ
 0 0 5.5004 0 ﺍﻟﻣﺭﻓﻕ
    ﻳﻝ ﻟﻠﻁﻘﺱﺗﻡ ﺗﺟﻣﻳﻌﻬﺎ ﺧﻼﻝ ﻓﺗﺭﺍﺕ ﺍﻟﺗﺷﻐ
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  ﺟﺩﻭﻝ ﺍﻟﻣﺣﺗﻭﻳﺎﺕ
  
 ﻣﻠﺧﺹ ﺍﻟﻬﻭﺍء ﺍﻟﺧﺎﺭﺟﻲ: ﺍﻟﺗﻘﺭﻳﺭ
  
  ﻣﺭﻓﻕ ﺑﺎﻟﻛﺎﻣﻝ: ﻝ
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 ﻣﺗﻭﺳﻁ ﺍﻟﻬﻭﺍء ﺍﻟﺧﺎﺭﺟﻲ ﺧﻼﻝ ﺳﺎﻋﺎﺕ ﺍﻹﺷﻐﺎﻝ
 [ﻭﺣﺩﺓ ﻫﻭﺍء]ﺗﻬﻭﻳﺔ ﺑﺳﻳﻁﺔ  [ﻭﺣﺩﺓ ﻫﻭﺍء]ﺗﺳﻠﻝ  [ﻭﺣﺩﺓ ﻫﻭﺍء]ﺍﻟﺗﻬﻭﻳﺔ ﺍﻟﻣﻳﻛﺎﻧﻳﻛﻳﺔ  [۳ﻡ ]ﺣﺟﻡ ﺍﻟﻣﻧﻁﻘﺔ  ﻋﺩﺩ ﺍﻟﺷﺎﻏﻠﻭﻥ ﺍﻹﺳﻣﻲ ﻣﺗﻭﺳﻁ ﻋﺩﺩ ﺍﻟﺷﺎﻏﻠﻭﻥ  
            ﻻ ﺷﻲء
 
 
 ﺍﻟﺣﺩ ﺍﻷﺩﻧﻰ ﺍﻟﻬﻭﺍء ﻓﻲ ﺍﻟﻬﻭﺍء ﺍﻟﻁﻠﻕ ﺧﻼﻝ ﺳﺎﻋﺎﺕ ﺍﻹﺷﻐﺎﻝ
 [ﻭﺣﺩﺓ ﻫﻭﺍء]ﺗﻬﻭﻳﺔ ﺑﺳﻳﻁﺔ  [ﻭﺣﺩﺓ ﻫﻭﺍء]ﺗﺳﻠﻝ  [ﻭﺣﺩﺓ ﻫﻭﺍء]ﺍﻟﺗﻬﻭﻳﺔ ﺍﻟﻣﻳﻛﺎﻧﻳﻛﻳﺔ  [۳ﻡ ]ﺣﺟﻡ ﺍﻟﻣﻧﻁﻘﺔ  ﻋﺩﺩ ﺍﻟﺷﺎﻏﻠﻭﻥ ﺍﻹﺳﻣﻲ ﻣﺗﻭﺳﻁ ﻋﺩﺩ ﺍﻟﺷﺎﻏﻠﻭﻥ  
            ﻻ ﺷﻲء
 
  ﺟﺩﻭﻝ ﺍﻟﻣﺣﺗﻭﻳﺎﺕU
  
  ﻣﻠﺧﺹ ﺍﻹﺣﺻﺎء: ﺍﻟﺗﻘﺭﻳﺭ
  
  ﺍﻟﻣﺭﻓﻕ ﺑﺎﻟﻛﺎﻣﻝ: ﻝ
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 ﺍﻟﺳﻁﻭﺡ ﺑﺎﻟﺻﻧﻑ
 ﺧﺎﺭﺟﻳﺔ ﺇﺟﻣﺎﻟﻲ  
 4 4 ﺍﻟﺟﺩﺍﺭ
 0 1 ﺍﻟﻁﺎﺑﻕ
 1 1 ﺳﻘﻑ
 0 0 ﻛﺗﻠﺔ ﺩﺍﺧﻠﻳﺔ
 0 0 ﺍﻟﺗﻅﻠﻳﻝ ﺍﻟﻣﻧﻔﺻﻝ ﻟﻠﻣﺑﻧﻰ
 0 0 ﻧﻰﺍﻟﺗﻅﻠﻳﻝ ﺍﻟﻣﺗﺻﻝ ﻟﻠﻣﺑ
 0 0 ﺍﻟﻧﺎﻓﺫﺓ
 0 0 ﺍﻟﺑﺎﺏ
 0 0 ﺑﺎﺏ ﺯﺟﺎﺟﻲ
 0 0 ﺗﻅﻠﻳﻝ
 0 0 ﺍﻟﺷﺭﻓﺔ
 0 0 niF
 0 0 ﻗﺑﺔ ﺃﻧﺑﻭﺑﻳﺔ
 0 0 ﻧﺎﺷﺭ ﺃﻧﺑﻭﺑﻲ
 
 
 ﺍﻟﺗﺩﻓﺋﺔ ﻭﺍﻟﺗﺑﺭﻳﺩ ﻭﺍﻟﺗﻬﻭﻳﺔ
 ﻋﺩﺩ  
 1 CAVHﺣﻠﻘﺎﺕ ﻫﻭﺍء ﺍﻟـ 
 1 ﻣﻧﺎﻁﻕ ﻣﻛﻳﻔﺔ
 0 ﻣﻧﺎﻁﻕ ﻏﻳﺭ ﻣﻛﻳﻔﺔ
 0 ﺻﻧﺎﺩﻳﻕ ﻫﻭﺍء ﺍﻟﺩﺍﻓﻊ
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 ﺣﻘﻭﻝ ﺍﻹﺩﺧﺎﻝ
 ﻋﺩﺩ  
 47 stcejbO FDI
 0 ﺣﻘﻭﻝ ﺍﻟﻣﺗﻌﺛﺭﺓ
 611 ﺍﻟﺣﻘﻭﻝ ﻣﻊ ﺍﻹﻋﺩﺍﺩﺍﺕ ﺍﻻﻓﺗﺭﺍﺿﻳﺔ
 0 ﺍﻟﺣﻘﻭﻝ ﺍﻟﻣﻌﺩﺓ ﺃﻭﺗﻭﻣﺎﺗﻳﻛﻳﺎ
 7 ﺍﻟﺣﻘﻭﻝ ﺍﻟﻘﺎﺑﻠﺔ ﻟﻺﻋﺩﺍﺩ ﺃﻭﺗﻭﻣﺎﺗﻳﻛﻳﺎ
 2 ﺍﻟﺣﻘﻭﻝ ﺍﻟﻣﺣﺳﻭﺑﺔ ﺃﻭﺗﻭﻣﺎﺗﻳﻛﻳﺎ
 41 ﺍﻟﺣﻘﻭﻝ ﺍﻟﻘﺎﺑﻠﺔ ﻟﻺﻋﺩﺍﺩ ﺃﻭﺗﻭﻣﺎﺗﻳﻛﻳﺎ
 
 
  ﺟﺩﻭﻝ ﺍﻟﻣﺣﺗﻭﻳﺎﺕU
  
 ﻣﻠﺧﺹ ﺗﻐﻳﻳﺭ ﻣﻛﻭﻧﺎﺕ: ﺍﻟﺗﻘﺭﻳﺭ
  
  ﻣﺭﻓﻕ ﺑﺎﻟﻛﺎﻣﻝ: ﻝ
  
 ٦۰-٤۰-۰۱۰۲ ٦۲:۷۲:۰۱: ﺍﻟﻁﺎﺑﻊ ﺍﻟﺯﻣﻧﻲ
 
  ﺟﺩﻭﻝ ﺍﻟﻣﺣﺗﻭﻳﺎﺕU
  
 ﻣﻠﺧﺹ ﺗﻅﻠﻳﻝ ﺍﻟﺳﻁﺢ: ﺍﻟﺗﻘﺭﻳﺭ
  
  ﻣﺭﻓﻕ ﺑﺎﻟﻛﺎﻣﻝ: ﻝ
  
 ٦۰-٤۰-۰۱۰۲ ٦۲:۷۲:۰۱: ﺍﻟﻁﺎﺑﻊ ﺍﻟﺯﻣﻧﻲ
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